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Summary 
 
This thesis examined the prevalence and risk factors for lameness, limb lesions and 
claw lesions in pigs, and the influence of gilt nutrition on indicators of limb health 
through a cross-sectional survey and two cohort studies. A cross-sectional survey of 
68 integrated pig farms in Ireland on lameness, limb and claw lesions of 2948 
piglets, 3368 weaners, 544 lactating sows, 1289 finishers, 525 replacement gilts, 
518 pregnant gilts and 604 pregnant sows was conducted. The prevalence of foot 
lesions, limb lesions and lameness was determined for each appropriate group and 
data relating to environmental and management parameters were also collected to 
identify risk factors. There was a high prevalence of lameness in finishers, gilts and 
sows. Lameness prevalence is higher in group gestation housing systems than in 
gestation stalls. Slat void width and the frequency of pen washing increased the risk 
of lameness in finisher pigs. Floor type, particularly the floor material used 
influenced both limb and foot lesions. Two cohort studies were conducted to 
investigate the effect of three dietary regimes for replacement gilts on lameness, 
areal bone mineral density (aBMD), behaviour, limb, claw and joint lesions and 
carcass traits. In the first, a diet specifically formulated for developing gilts and fed 
restrictively from 70kg until 2 weeks before the gilts approximate weight at first 
service, reduced lameness, joint lesion prevalence and claw unevenness when 
compared to the two most commonly practiced feeding regimes for developing 
gilts. In the second, a diet specifically formulated for developing gilts fed ad-libitum 
from 65 kg reduced lameness and increased aBMD when compared to the two most 
commonly practiced feeding regimes for developing gilts. In conclusion, this study 
provides valuable information on lameness, foot and limb lesion prevalence and risk 
factors as well as providing information on nutritional strategies that could help to 
address the current high levels of lameness in replacement gilts. 
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Chapter 1 
General introduction 
 
1.1 Background  
The domesticated pigs in commercial pig farming are descendants of the Eurasian 
wild boar (Sus scrofa). Domestication of the wild boar occurred approximately 9000 
years before present (Mills et al., 2010). Substantial intensification of the pig 
industry occurred from the 1950’s altering; farm productivity, pig physiology and 
animal welfare (Arey and Brooke, 2006; Mills et al., 2010; Prunier et al., 2010). Pigs 
are now the most abundant meat producing mammals worldwide with in excess of 
a billion pigs produced per year, with pork the highest per capita meat type 
consumed within the EU (Arey and Brooke, 2006; European Comission, 2013). While 
intensification had the positive effect of reducing production costs, labour 
requirement and improved farm biosecurity, it was accompanied by a heightened 
requirement for on-farm welfare monitoring due to the associated environmental 
and physiological challenges (Mills et al., 2010; Prunier et al., 2010). 
 
Current commercial housing differs substantially from the extensive natural 
woodland habitat of the wild boar (Arey and Brooke, 2006; Mills et al., 2010). The 
housing systems in operation vary between stage of production and governing 
legislation. The majority of intensive farms house pigs indoors, with slatted floors 
and no bedding (Prunier et al., 2010). Weaners and finishers are entirely group 
housed, lactating sows are largely stalled within a farrowing crate, while gestating 
sows are either group or stalled housed. In relation to gestation housing in Europe, 
the EC Directive 2008/120/EC required that in all 25 member states, pregnant sows 
and gilts are group housed from 4 weeks after service to 1 week before farrowing 
from January 2013. Gestating sows are still housed in stalls in several major pig 
producing countries such as the USA, South America and Canada.  
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Genetic selection on growth traits has been a major factor contributing to the 
substantial increase in pig production levels in recent decades (Rauw et al., 1998; 
Prunier et al., 2010). Pigs were selectively bred for fast growth rates, high lean meat 
deposition and high feed conversion efficiency in slaughter pigs and for larger 
litters, reduced breeding intervals and increased weight gain in breeding pigs (Arey 
and Brooke, 2006; Prunier et al., 2010). These genetic alterations increased the 
physiological demands on the body of the pig as well as altering its skeletal 
structure and the weight bearing capacity of the joints (Prunier et al., 2010). A sow 
currently produces 25 pigs per year, in comparison to the 6 pigs produced per year 
by the ancestral wild boar, while the average daily gain in fattening pigs has 
increased in the past 20 years from 670g to 844g per day (Kirk et al., 2005; Arey and 
Brooke, 2006; PigSys, 2013).  
 
The high physiological demand in combination with close confinement in an 
unnatural and barren environment have resulted in health and welfare 
consequences such as an increases in leg weaknesses, injuries, development of 
stereotypies and increased disease susceptibility (Rushen, 1984; Arey and Brooke, 
2006; Marchant Forde, 2008; Prunier et al., 2010). 
 
1.2  Limb health 
Compromised limb health often results in an alteration to natural locomotion which 
may present as lameness which is a major cause of premature culling in all age 
categories of pigs, with both welfare and economic concern (Dewey et al., 1993; 
Kirk et al., 2005; Arnbjerg, 2007; Mustonen et al., 2011). Disorders of the 
locomotory system were responsible for 16% of premature culling in weaner and 
finisher pigs and 11% in sows (Stein et al., 1990; Baumann and Bilkei, 2002). 
 
1.2.1 Lameness 
Lameness in pigs is a major health problem on commercial pig farms (Deen et al., 
2007). It presents as an abnormal gait as a result of physical injury or infection in 
 3 
 
the limbs or back (Velarde and Geers, 2007). Issues relating to limb pathology have 
previously been linked with lameness; these include infectious arthritis and 
osteochondrosis (Jensen et al., 2007). Physical injury such as claw lesions, joint 
lesions, muscle damage, tendon damage and bone fractures have also been linked 
with lameness (Jensen and Toft, 2009). 
 
The welfare of the pig is reduced because lameness is associated with pain and 
discomfort, it also affects a pigs ability to interact with its environment and ability 
to access resources (Dewey et al., 1993; Anil et al., 2002; Kirk et al., 2005; Jensen et 
al., 2007; Mustonen et al., 2011). From an economic point of view, lameness results 
in a higher work load, increased veterinary expenses and an increase in the 
involuntary culling rate thus, a reduction in farm productivity (Dewey et al., 1993; 
Jensen et al., 2007; Anil et al., 2009; Mustonen et al., 2011; Pluym et al., 2011). 
 
1.2.1.1 Lameness in piglets 
It is difficult to determine lameness levels in piglets due to their high activity levels 
resulting in a dearth of information on the prevalence of lameness in this age 
category (Gillman et al., 2008). It has been reported however that 9.8% of piglets 
were treated for lameness with the main causes being arthritis, splayleg and injury 
(Straw et al., 2006; Zoric, 2008). In the case of arthritis, bacteria often enter the 
blood stream at the site of skin and foot abrasions (Straw et al., 2006; Zoric, 2008). 
Teeth clipping, castration and tail docking, all of which are performed on piglets at a 
very young age, are linked to arthritis and lameness in piglets (Nielsen et al., 1975; 
Smith and Mitchell, 1976). Splayleg results in severe limb abduction and an inability 
to walk due to underdeveloped muscle fibres of the limb adductors (Straw et al., 
2006). It generally affects the hind limbs, affects 0.4% of new born piglets and 
results in 50% mortality in affected animals due to starvation and crushing (Ward, 
1978; Straw et al., 2006). Its presence is associated with gender, breed, induction 
and slippy floor surfaces (Sellier and Ollivier, 1982; Breuer et al., 2005; Straw et al., 
2006; Papatsiros, 2012). The occurrence of painful injuries to the limbs also results 
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in lameness; they are more commonly caused by floor type, crushing and birth 
defects.  
  
1.2.1.2 Lameness in weaner and finisher pigs 
The prevalence of lameness in weaner and finisher pigs varies widely (2-20%) 
between studies (Petersen et al., 2008; KilBride et al., 2009a). Lameness is the third 
most common cause for treatment with antibiotics in weaner and finishing pigs and 
frequently results in involuntary culling (Christensen et al., 1994). Euthanasia of a 
severely lame pig results in the loss of carcass value and imposes carcass disposal 
costs in addition to the actual euthanisation cost (Pluym et al., 2011). In weaners 
and finishers lameness can also result in indirect effects such as a reduced feed 
intake (FI) which ultimately leads to a reduction in daily weight gain and so, a longer 
period to target slaughter weight (Anil et al., 2008).  
 
1.2.1.3 Lameness in gilts and sows 
Lameness is a major cause of premature culling in the breeding herd, particularly in 
gilts and young sows (Dewey et al., 1993; Boyle et al., 1998; Anil et al., 2009). 
Between 15 and 20% of gilts and first and second parity sows are culled due to 
lameness (D'Allaire et al., 1987; Lucia et al., 2000). As a sow does not become 
profitable until after she has had her third litter this represents a major economic 
concern for pig producers (Stalder et al., 2000).  
 
The prevalence of lameness in pregnant sows in Europe was reported as, 5% in 
England, 6 to 10% in Belgium and 9% in Finland in group housing systems (Heinonen 
et al., 2006; Pluym et al., 2011; Pluym et al., 2013b; Willgert et al., 2014). In 
England, KilBride et al. (2009a) observed a high prevalence of lameness in pregnant 
sows group housed on partially slatted flooring (45%). They also documented 12% 
abnormal gait in replacement gilts in a variety of housing systems, with a 
prevalence of 18.9% in gilts housed only on fully or partially slatted floors with no 
bedding. This figure included sows with lower (i.e. milder) scores indicative of 
abnormal gait. They argued that while it is impossible to determine whether 
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abnormal gait results in pain it does represent a biological cost to the animal 
because of the increased strain placed on the locomotive system. For this reason 
they took the view that abnormal gait is an indication of reduced quality of life and 
considered that lower scores should be included in the lameness prevalence.  
  
Inflammation as a result of lameness increases metabolic activity and can alter 
nutrient utilisation in the body which can result in energy required for growth and 
litter development being diverted to the energy requirements of the immune 
response system (Ossent, 2010; Wilson et al., 2010; Wilson and Ward, 2012). 
Cytokines released as a result of inflammation can result in reproductive hormone 
disruption and subsequently poor reproductive performance (Reichlin, 1999; Wilson 
et al., 2009; Wilson et al., 2010; Wilson and Ward, 2012). Cytokine release also 
results in hypersomnia and activates matrix metalloproteinase, resulting in 
connective tissue degradation, exacerbating lameness problems (Johnson, 1997; 
Reichlin, 1999; Mülling and Greenough, 2006). Reduced lactation feed intake as a 
result of inflammation stimulated anorexia is also associated with lameness and can 
have a negative impact on body condition and on further reproductive performance 
(Johnson, 1997; Lucia et al., 2000; Anil et al., 2009; Wilson et al., 2010).  
 
Lameness reduces the productivity of a farm by reducing sow longevity, increasing 
the involuntary culling rate of sows, increasing expenses as a result of the cost 
incurred in replacing sows and reducing the number of pigs produced per sow per 
year thus, reducing the numbers of finisher pigs reaching the factory (Dewey et al., 
1993; Grandjot, 2007; Anil et al., 2008;2009; Wilson et al., 2009; Pluym et al., 2011). 
The latter occurs because an increase in the rate of sow culling results in a decrease 
in the average age of the herd and younger animals produce smaller litters (Dewey 
et al., 1993; Wilson et al., 2009). 
 
1.2.2 Claw lesions  
Claw lesions are a common injury in all categories of pigs and in some cases they 
may result in pain and lameness (Pluym et al., 2011). Lesions commonly affect 
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various parts of the foot depending on the causal factor of the lesion (Figure 1.1). 
The outer heel is the portion of the foot that bears the most weight, the more it 
bears the thicker the horn of the sole becomes (Ossent, 2010). Increased pressure 
on the heel due to increased weight bearing results in haemorrhaging and 
inflammation followed by hyperkeratinisation and thus, heel overgrowth and 
increasing susceptibility to heel erosion (Ossent, 2010). Heel overgrowth or erosion 
are the most common claw lesions with the hind legs being most commonly and 
severely affected (Van Amstel, 2010; Pluym et al., 2011). Heel overgrowth 
development is thought to be related to abnormal leg conformation or posture 
(Ossent, 2010). The junction of the heel and the sole of the foot (Figure 1.1) is 
vulnerable to separation particularly when heel overgrowth is present (Ossent, 
2010; Van Amstel, 2010). The white line of the foot occurs at the joining between 
the claw wall and the heel of the foot (Ossent, 2010) (Figure 1.1). The horn of the 
white line is soft and therefore vulnerable to damage thus, injury may occur due to 
separation at the junction (Ossent, 2010; Van Amstel, 2010). Several causes of white 
line separation are known; overgrown heels, nutrition, laminitis and aggression 
(Ossent, 2010). Cracks may also occur in the claw wall as a result of trauma, with 
claws being particularly more susceptible when toes or dew claws are overgrown 
(Ossent, 2010; Van Amstel, 2010). Both the toes and the dew claws may become 
overgrown, it is thought this is an inflammatory response of increased metabolism 
and claw horn growth (Ossent, 2010). Its presence makes the claw more vulnerable 
to other claw injuries such as while line damage, wall cracks, claw breakages and 
amputations (Ossent, 2010; Van Amstel, 2010; Pluym et al., 2011).  
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Figure 1.1. A cross-sectional view of pig claw (Figure adapted from 
http://www.zinpro.com/lameness/swine/) 
 
The relationship between lameness and claw lesions may be dependent on the 
location and seriousness of the lesion, as some areas of the claw are more sensitive 
than others (Deen et al., 2007). The corium is dense with nerves and blood vessels 
and is therefore a highly vulnerable and sensitive area of the foot (Brennan and 
Aherne, 1987; Stokka et al., 1997; Van Amstel, 2010). Hence minor claw lesions 
which do not penetrate the corium may not result in pain and are therefore not 
associated with lameness (Anil et al., 2007; Deen et al., 2007). Claw lesions which 
penetrate the corium result in pain; they also allow for the entry of bacteria and 
may result in subsequent infection (Penny et al., 1971; Gjein and Larssen, 1995; 
Mouttotou and Green, 1999b; Straw et al., 2006). Van Amstel (2010) reported 
infections associated with the claw increase the risk of lameness. Infection may lead 
to heightened pain, inflammation, osteomyelitis with subsequent bone dissolution 
and tenosynovitis (Brennan and Aherne, 1987; Deen et al., 2007; KilBride et al., 
2009b; Pluym et al., 2011). Common injuries to the claw which penetrate the 
corium include damage to the coronary band region, white line disease and dew 
claw amputation (Deen et al., 2007; KilBride et al., 2009b; Pluym et al., 2011). White 
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line separation has a strong association with lameness as it is prone to penetrating 
the corium (Anil et al., 2007; Deen et al., 2007). Dew claw amputations are 
extremely painful lesions as the corium becomes exposed and so may result in 
lameness (Pluym et al., 2011). Additionally, the corium is responsible for oxygen and 
nutrient supply for hoof horn production and maintenance, disruption to the blood 
flow by inflammation can impair horn production and result in further lesions such 
as heel erosion, wall cracks and white line damage (Shearer et al., 1996; Van 
Amstel, 2011). 
 
1.2.2.1 Claw lesions in piglets  
Piglets may develop several injuries to their feet during the suckling period. The 
susceptibility of the limbs and feet to injury is due to the vulnerability of the limb 
tissue at birth and this susceptibility to injury then diminishes over time (Smith and 
Mitchell, 1976; Mouttotou et al., 1999c; KilBride et al., 2009b). The sole of the foot 
of the piglet is affected by two main lesions, bruising and erosion, with bruising 
prevalence varying from 50 to 100% and an erosion incidence as high as 100% 
(Mouttotou and Green, 1999b; Mouttotou et al., 1999c; Boyle et al., 2000; KilBride 
et al., 2009b). The coronary band (Figure 1.1) of the piglet is vulnerable to damage 
and infection (KilBride et al., 2009b). Apparently superficial coronary band lesions 
can result in osteomyelitis and subsequent pedal bone dissolution, resulting in long 
term irreparable damage to the foot (KilBride et al., 2009b).  
 
1.2.2.2 Claw lesions in weaner and finisher pigs 
About 50% of weaners and 94% of finishers have at least one claw lesion present 
(Mouttotou et al., 1997; Mouttotou et al., 1999a). Claw lesions are responsible for 
14% of premature culling in weaner and finisher pigs (Baumann and Bilkei, 2002). 
Sole bruising, heel flaps and sole erosion are the most prevalent lesions in weaner 
pigs (Mouttotou et al., 1999d). Sole erosion, toe erosion and white line damage are 
the most prevalent lesion in finisher pigs (Mouttotou et al., 1999a). In a cross-
sectional study of weaner and finisher pigs in 90 indoor and outdoor pig farms in 
England, Gillman et al. (2009) reported an overall lesion prevalence of 39.6% with 
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sole bruising (7.1%), sole erosion (10.8%), heel flaps (8.4%) and toe erosion (11.6%) 
the most prevalent lesions recorded. 
 
1.2.2.3 Claw lesions in gilts and sows 
Similar claw lesions have been recorded in gilts and sows where lesion prevalence 
can be as high as 99% (Pluym et al., 2011). In a study of cull sows, Dewey et al. 
(1993)reported that claw lesions were responsible for between 5 and 20% of sows 
culled for lameness. The most commonly occurring claw lesions in sows are wall 
cracks, lesions to the heel and white line separation (Gjein and Larssen, 1994). Wall 
crack prevalence ranges from 5 to 80% (KilBride, 2008; Pluym et al., 2011; Pluym et 
al., 2013b), while heel overgrowth and white line lesions have a prevalence of 93% 
and 70% respectively (Pluym et al., 2011; Pluym et al., 2013b) 
 
1.2.3 Limb lesions 
Lesions to the limb are commonly occurring injuries in pigs at all stages in the 
production cycle. Their severity and location determine their influence on limb 
health. Lesion type varies considerably from calluses and alopecia to abscesses and 
swellings (Gillman et al., 2008; KilBride et al., 2008; KilBride et al., 2009a). Lesions 
such as wounds, swellings, calluses, capped hock and bursitis are associated with 
lameness (Smith, 1988; Bonde et al., 2004; KilBride et al., 2009a; Calderón Díaz et 
al., 2013). The association is not fully understood as painful limb injuries may result 
in lameness or lameness may cause animals to spend longer lying thereby, 
increasing contact time between the skin and the flooring and in turn increasing 
damage to the skin (Bonde et al., 2004; KilBride et al 2009a; Calderon Diaz et al., 
2013). Calderón Díaz et al. (2013) reported an increased risk of lameness when 
wounds and severe lesions such as ulcers were present.  
 
1.2.3.1 Limb lesions in piglets 
The limbs of piglets become affected by abrasions and alopecia within the first few 
hours of life (Straw et al., 2006). The prevalence of limb abrasions ranges between 
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36 and 70% with a prevalence of alopecia of 61% (Penny et al., 1971; Svendsen et 
al., 1979; Furniss et al., 1986; Mouttotou et al., 1999c; Boyle et al., 2000; Straw et 
al., 2006; KilBride et al., 2009b; Zoric et al., 2009).  
 
1.2.3.2 Limb lesions in weaner and finisher pigs 
Calluses, bursitis, capped hocks, abrasions and alopecia are the most commonly 
recorded limb lesions in weaner and finisher pigs (Mouttotou et al., 1998; 
Mouttotou and Green, 1999a; Cagienard et al., 2005; Gillman et al., 2008; KilBride 
et al., 2008). Adventitious bursitis is a fluid filled sac of the subcutaneous connective 
tissue of the limb and is referred to as capped hock when located on the tarsal joint, 
(Mouttotou et al., 1998;1999b; Gillman et al., 2008). KilBride (2008) reported a 
prevalence of calluses of 45.5% in weaner and finisher pigs in England. Gillman et al. 
(2008) and KilBride et al. (2008) reported a prevalence of bursitis and capped hock 
of 40.6% and 17.2% respectively in weaner and finisher pigs while Mouttotou et al. 
(1999b) reported a combined bursitis and capped hock prevalence of 63%. The 
prevalence of lesions such as calluses, alopecia, swellings and abscesses to the limbs 
has not been established. 
 
1.2.3.3 Limb lesions in gilts and sows 
Frequently documented limb lesions in sows include; calluses, bursitis, capped hock, 
swellings and wounds (KilBride et al., 2009a; Calderón Díaz et al., 2013). KilBride et 
al. (2009a) reported a wide range of lesion prevalence of calluses (30-80%), bursitis 
(32-37%) and capped hock (32-57%) between replacement gilts, pregnant gilts, 
pregnant sows and lactating sows.  
 
1.2.4 Osteochondrosis 
Osteochondrosis has previously been identified as a cause of leg weakness in pigs 
and a contributor to premature culling (Dewey et al., 1993; van Grevenhof et al., 
2011), other studies however have failed to find an association with lameness 
(Brennan and Aherne, 1986; Jørgensen, 1995; Jørgensen et al., 1995; Stern et al., 
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1995; Arnbjerg, 2007). It is defined as a non-infectious disease of the joint surface; it 
results in irreversible deterioration of articular cartilage quality and underlying bone 
(Kirk et al., 2008; Busch and Wachmann, 2011; van Grevenhof et al., 2011). This is 
due to disturbance to the endochondral ossification of the articular cartilage when 
the bones are still developing (Kirk et al., 2008; Busch and Wachmann, 2011; van 
Grevenhof et al., 2011). The articular cartilage has the essential role of reducing 
joint friction during movement and transferring the mechanical load to the 
underlying bone (van Riet et al., 2013). Deterioration causes increased pressure on 
the surface of an affected joint in affected animals, resulting in inflammation and 
pain in some cases (Ytrehus et al., 2007). The presence of osteochondrosis in the 
elbow joint of pigs results in postural changes, stiffness and lameness (Jørgensen 
and Sørensen, 1998; Kirk et al., 2008; Jensen and Toft, 2009). Its presence has been 
associated with a reduction in sow longevity (Yazdi et al., 2000). 
 
It is most common and severe in the articular cartilage of the humeral condyle and 
anconeal process of elbow joint of pigs (Figure 1.2) and tends to be bilaterally 
symmetrical in the limbs (Jørgensen, 1995; Ytrehus et al., 2007; Kirk et al., 2008; 
Jensen and Toft, 2009). It affects more males than females; which may be as a result 
of differential growth rates between the sexes or hormonal differences (Grondalen, 
1974; Nakano et al., 1979). Osteochondrosis has a heritability of between 0.2-0.5 
and purebred landrace pigs have a higher occurrence of osteochondrosis in 
comparison to other breeds (Grondalen and Vangen, 1974; Stern et al., 1995; 
Jorgensen and Andersen, 2000; Jensen and Toft, 2009). 
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Figure 1.2. Diagram of the pig elbow joint 
 
There is a dearth of information available on the prevalence of osteochondrosis in 
piglets and weaners. However lesions indicative of osteochondrosis were found in 
the joints of pigs as young as 15 days (Hill et al., 1990). Nakano et al. (1979) 
reported a 100% prevalence of lesions associated with osteochondrosis in finisher 
pigs with Busch and Wachmann (2011) reporting 53% prevalence in the elbow joint 
of finisher pigs. Osteochondrosis is present in 84-95% of sows (Kirk et al., 2008). 
Previous studies attributed osteochondrosis as the cause of 34% of culling’s for 
lameness and 14% of mortality and cullings in sows (Dewey et al., 1993; Engblom et 
al., 2008). The majority of studies supporting the link between osteochondrosis and 
lameness are based on sows culled for lameness (D'Allaire et al., 1987; Dewey et al., 
1993; Kirk et al., 2005; Engblom et al., 2007; Engblom et al., 2008; Jensen et al., 
2010). Other studies have found no association between osteochondrosis and 
lameness/leg weakness (Brennan and Aherne, 1986; Jørgensen, 1995; Stern et al., 
1995; Arnbjerg, 2007). Hence the relationship is poorly understood (Dewey et al., 
1993; Heinonen et al., 2006).  
 
1.2.5 Bone mineral density  
Severe trauma to the limb can result in bone fractures (Engblom et al., 2008). Bone 
fractures are the most painful condition with the highest association with pain 
Humerus 
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(Jensen et al., 2012). Fractures are associated with 16% of sow mortality (Kirk et al., 
2005). The strength of the bone determines the vulnerability to fractures and one of 
the major elements of this is bone mineral density (Ammann and Rizzoli, 2003; Mills 
et al., 2010). Dual x-ray absorptiometry is the most common method of measuring 
bone mineral density and is widely used in pigs, which determines areal bone 
mineral density (aBMD), a two-dimensional measurement of bone minerals of a 
given area (Mitchell et al., 1995; Mitchell et al., 1998; Lorenz-Depiereux et al., 2004; 
Nielsen et al., 2004; Nielsen et al., 2007; Ryan et al., 2011). Calcium (Ca) and 
phosphorous (P) are essential minerals to bone strength, while age, production 
stage and mechanical stress are also influencing factors (Hall et al., 1991; Mills et 
al., 2010). 
 
1.2.6 Active/inactive behaviours  
Monitoring the frequency and duration of inactive behaviours may be used to 
indicate substandard health or environmental conditions (Velarde and Geers, 2007). 
Inactive behaviour may reflect limb health and pain levels as lame sows spend more 
time lying down than non-lame sows (Bonde et al., 2004; Velarde and Geers, 2007; 
Valros et al., 2009; Calderón Díaz and Boyle, 2014). Pigs with limb injuries such as 
sole erosion and limb abrasions spend less time in active behaviours (standing, 
walking, fighting, and playing) (Mouttotou and Green, 1999b; Valros et al., 2009). 
 
1.3 Factors influencing limb health and lameness  
A number of parameters relating to the environment and management influence 
limb health, although the association is often multifactorial in nature. Such factors 
include; floor type, housing system, stocking density, group size, growth rate and 
nutrition.  
 
1.3.1 Floor type 
The floor conditions for pigs have a major impact on foot and limb health in relation 
to lameness, claw lesions, limb lesions and osteochondrosis. Features of the floor 
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that influence limb health include proportion of solid, fully slatted, partially slatted 
and fully solid flooring, flooring material (soil, concrete, metal, plastic, rubber), 
bedding provision/quantity and cleanliness. 
 
Slatted flooring is the predominant floor type used in commercial pig farms as it 
allows excreta to pass through the voids, maintaining a cleaner environment and 
has a lower maintenance requirement (Marchant Forde, 2008). However slatted 
flooring is a major risk factor for lameness and claw lesions as the gap between the 
slats, the edge and the rough surface may provide an area of potential claw harm 
(Boon and Wray, 1989; Heinonen et al., 2006; Velarde and Geers, 2007; Jensen and 
Toft, 2009). KilBride et al. (2009a) reported an increased risk of lameness in sows on 
slatted flooring when compared to outdoor soil systems and pens with fully solid 
concrete floors with bedding, no such effect was reported in replacement and 
pregnant gilts. The use of fully or partially slatted flooring is coupled with an 
increase in lameness, which might be due to an increase in claw lesions (Gjein and 
Larssen, 1994; KilBride et al., 2009a). KilBride et al. (2009a) reported abnormal gait 
in 16.9%, 34.3% and 22.3% of finishers housed on partially slatted, fully slatted and 
fully solid flooring with sparse bedding respectively when lameness was defined as 
abnormal gait. The use of fully solid flooring has been associated with an increase in 
bursitis and capped hock prevalence weaners and finishers (Gillman et al., 2008; 
KilBride et al., 2008). A higher prevalence of sole erosion with partially slatted floors 
with little or no bedding than solid concrete pens with bedding (KilBride et al., 
2009b). In piglets, there is also an increased risk of sole bruising and joint swellings 
with slatted flooring in comparison to solid concrete bedded floors however, the 
opposite can be said for skin abrasions (KilBride et al., 2009b). 
 
The width of the slat and void and slat quality also impact limb health as slats that 
are too narrow do not provide sufficient support for the hoof structure (Fritschen, 
1979; Baxter, 1984; Gjein and Larssen, 1994; Straw et al., 2006; Marchant Forde, 
2008). It is recommended that the slat void is no more than half the width of the 
sole of the foot and the solid area of the slat should be no narrower than the width 
of the foot (Baxter, 1984). The European Commission has outlined minimum slat 
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widths and maximum void widths for each category of pig to ensure suitability of 
floor type to each age class (Table 1.1).  
 
Table 1.1  Slat width requirements as in EC Directive 2008/120/EC. 
 Maximum slat void width (mm) Minimum slat width (mm) 
Piglets 11 50 
Weaners 14 50 
Finishers 18 80 
Gilts (post service) 20 80 
Sows (post service) 20 80 
 
The effect of floor material on lameness, claw lesions and limb lesions has been 
widely investigated (Newton et al., 1980; Gjein and Larssen, 1994; McKee and 
Dumelow, 1995; Andersen and Bøe, 1999; KilBride et al., 2008; Tuyttens et al., 
2008; Gillman et al., 2009; KilBride et al., 2009a; KilBride et al., 2009b; Elmore et al., 
2010; Calderón Díaz et al., 2013; Calderón Díaz et al., 2014; Westin et al., 2014). 
Highly abrasive flooring can result in claw damage while floors with low abrasive 
properties can result in overgrown claws and increased slipping (Newton et al., 
1980; McKee and Dumelow, 1995).  
 
A lower incidence of limb abrasions, sole bruising and sole erosion in piglets, and 
capped hock and bursitis in weaner and finisher pigs has been associated with 
outdoor production systems on soil compared with indoor housing systems (Gillman 
et al., 2008; KilBride et al., 2008; KilBride et al., 2009b). A reduction in piglet limb 
abrasion is associated with plastic slatted floors compared with pens with rubber 
mats, solid concrete, metal slats and worn floors (Gravås, 1979; Furniss et al., 1986; 
Mouttotou et al., 1999c; Lewis et al., 2005; KilBride et al., 2009b; Zoric et al., 2009). 
The prevalence of sole bruising is higher in piglets kept in pens with a part concrete 
and part round wire mesh floor, part concrete and part metal floors and exposed 
aggregate floors than in entirely concrete pens (Mouttotou et al., 1999c). Concrete 
slats are associated with an increased risk of capped hock than metal or plastic slats, 
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an increased risk of bursitis than plastic slats and an increased risk of limb callus 
than metal stats in finisher pigs (KilBride et al., 2008). 
 
Several studies have investigated the use of rubber mats for sows as a means to 
improve pig health, through the assessment of its effect on lameness, claw and 
body lesions (Mouttotou et al., 1999c; Tuyttens et al., 2008; KilBride et al., 2009b; 
Elmore et al., 2010; Calderón Díaz et al., 2013; Calderón Díaz et al., 2014). Boyle et 
al. (2000) reported an increase in sow comfort and reduced slipping in farrowing 
crates when rubber mats were compared to metal slatted flooring. However they 
also reported an increase in piglet skin abrasions with the use of rubber mats. The 
use of rubber mats during gestation as opposed to concrete slats was found to 
reduce lameness levels but increased the risk of some claw lesions (overgrown 
claws, white line damage, heel/sole cracks and claw wall cracks) while reducing the 
risk of limb lesions (swellings and wounds) for pregnant sows (Calderón Díaz et al., 
2013).  
 
The provision of bedding such as straw is known to reduce lameness, claw lesions 
and limb lesions in sows and growing pigs (Kroneman et al., 1993; Andersen and 
Bøe, 1999; Tuyttens, 2005; KilBride, 2008). While the use of straw in farrowing 
crates reduces skin abrasion and sole erosion (Westin et al., 2014). Contradictory 
studies have also found bedding is associated with reduced and increased 
prevalence of osteochondrosis in growing pigs (van Grevenhof et al., 2011; de 
Koning et al., 2014). The provision of bedding reduced body lesion prevalence in 
sows (Boyle et al., 2002). The use of dirty straw is, however, associated with an 
increase in claw lesions due to weakening of the claw horn with increasing water 
content (Kroneman et al., 1993; Tuyttens, 2005). However, despite some of its 
benefits, in intensive production systems, the use of straw is scarcely due to the 
liquid manure systems and predominant slatted floored pens as well as the 
increased cost and labour requirement (Tuyttens, 2005; Scott et al., 2006).  
 
Floor hygiene influences claw lesions because the presence of excess urine and 
manure on the floor surface can also contribute to claw lesions as they can weaken 
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claw hardness, increasing vulnerability to claw damage (Kroneman et al., 1993; 
Carvalho et al., 2009). Excess urine and manure may also increase slipping which 
can lead to injury such as limb and foot abrasions, bruising and bone fractures 
(McKee and Dumelow, 1995). 
 
1.3.2 Group size and stocking density 
There is high inter-farm variation in group size for both growing pigs and breeding 
sows. For breeding sows the group size is often determined by the housing type in 
operation, with large group sizes common in Electronic Sow Feeding (ESF) systems, 
but smaller group sizes are associated with floor feeding systems for example. The 
European Commission provides minimum space requirements (Table 1.2), 
depending on body weight for growing pigs from birth to slaughter and depending 
on group size in pregnant gilts and sows. Group size influences limb health as some 
studies found that pigs kept in larger groups tend to have higher limb lesion and 
lameness scores and fighting on slatted flooring results in more severe lesions to 
the claw and limbs (Gjein and Larssen, 1994;1995; Street and Gonyou, 2008). 
Jørgensen (2002) found higher percentages of pigs with abnormal gait and posture 
at higher stocking densities. In addition, the prevalence of osteochondrosis in 
finishers was reduced by providing a higher space allowance (van Grevenhof et al., 
2011). KilBride et al. (2009a) however reported that more pigs exhibited abnormal 
gait in loosely stocked pens in comparison to tightly stocked pens. The adverse 
effects in high stocking densities may increase particularly later in the finisher stage 
due to the increase in body size (Street and Gonyou, 2008).  
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Table 1.2  Minimum space requirements for weaners and finishers in EC Directive 
2008/120/EC. 
Live weight (kg) m2 
≤10 0.15 
11-20 0.20 
21-30 0.30 
31-50 0.40 
51-85 0.55 
86110 0.65 
111+ 1.00 
 
Table 1.3  Minimum space requirements for gilts and sows in EC Directive 
2008/120/EC.  
Group size  m2/gilt  m2/sow 
1-5 Minimum total floor area 1.81 2.5 
 Minimum continuous solid area (i.e. lying area) 0.95 1.3 
6-39 Minimum total floor area 1.64 2.25 
 Minimum continuous solid area (i.e. lying area) 0.95 1.3 
40+ Minimum total floor area 1.48 2.025 
 Minimum continuous solid area (i.e. lying area) 0.95 1.3 
 
1.3.3 Housing system 
Pregnant sows can be either group housed in pens or individually housed in 
gestation stalls. In the European Union all member states were required to group 
house sows from 4 weeks after service until one week before farrowing from 
January 2013. This was expected to impact upon limb health both positively and 
negatively as a result of freedom of movement thus, the associated interaction with 
the pen environment and with social counterparts. Positively, the use of group 
housing allows for the expression of more natural behaviours as unrestricted 
movement facilitates social interactions and given the right environmental 
conditions allows the sow to make decisions regarding where to lie in order to 
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control her thermal and physical comfort (Gjein and Larssen, 1995; Pajor, 2002). 
Group housing also allows for a substantial increase in exercise with an associated 
increase in bone strength and muscle mass (Marchant Forde and Broom, 1996; 
Pajor, 2002). It also results in lower superficial joint damage and resting heart rate 
(Sather and Fredeen, 1978; Marchant Forde et al., 1997). From a negative 
standpoint however individual stalls allow for individual feeding, ease of individual 
management and reduced physical aggression (Barnett et al., 2000; Pajor, 2002).  
 
One of the major disadvantages with group housing is the increased aggression 
between sows (Gjein and Larssen, 1995). The mixing of unfamiliar pigs results in an 
increase in aggressive behaviour as the animals attempt to establish a dominance 
hierarchy (Pajor, 2002). This aggression often results in injury, particularly an 
increase in claw lesions, body lesions and lameness (Gjein and Larssen, 1995). 
Normally, aggression decreases once the hierarchy has been established (Meese 
and Ewbank, 1973). However, in the case of dynamic groups and with certain 
competitive feeding systems high levels of aggression can persist throughout the 
production cycle (Andersen and Bøe, 1999; Jensen et al., 2000). 
 
Calderón Díaz et al. (2014) reported that group housed sows were more likely to be 
lame than individually stalled sows therefore lameness levels were expected to 
increase in the EU with the transition to group housing. Gjein and Larssen (1994) 
also reported that claw lesions are more prevalent in group housed herds (96% of 
sows affected) than in herds where sows are confined in gestation stalls (80%), on 
partially slatted flooring. Calderón Díaz et al. (2014) however reported a reduction 
in white line damage, horizontal wall cracks and dew claw injuries in group housed 
sows when compared to gestation stalls. Additionally they also reported a reduction 
in the limb lesions; calluses and bursitis. 
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1.3.4 Growth rates 
Genetic selection in order to maximise growth rates results in negative physiological 
effects many of which have animal welfare and morbidity implications and 
consequential economic repercussions (Simonsen, 1993; Prunier et al., 2010). 
Selection for fast growth is linked with several issues in relation to pig welfare 
including leg weaknesses, cardiovascular issues, increased muscle mass, skeletal 
injuries and modification of the release of various hormones as well as behavioural 
modifications (Grondalen and Vangen, 1974; Marchant Forde and Broom, 1996; 
EFSA, 2007; Prunier et al., 2010).  
 
Studies have found selection for fast growth rate is associated with postural defects 
and locomotory disorders in pigs and other species (e.g. broilers) (Jørgensen, 1995; 
Kestin et al., 2001; Rauw, 2007). Arey and Brooke (2006) predicted that selection for 
fast growth rate would reduce the welfare of pigs as a result of leg and 
conformation abnormalities leading to lameness. In a study of Lacombe pigs, leg 
weakness was significantly more evident in pigs which were selected for higher lean 
tissue growth rates than in non-selected control pigs (Rauw et al., 1998). A 
difference between sexes for leg weakness prevalence between the selected and 
control pigs was also noted (Rauw et al., 1998). Many of these changes are 
mediated by osteochondritic changes in the cartilaginous structures of fast growing 
animals (Rauw et al., 1998; Busch and Wachmann, 2011). A linkage between 
osteochondrosis and pigs selected for fast growth is widely reported. Busch and 
Wachmann (2011) found that during the finishing period, every 100g increase in 
daily gain results in an increase of 20% in the risk of exhibiting signs of 
osteochondrosis. Positive correlations between the presence of osteochondrosis 
and both growth rate and the percentage of lean tissue are documented in the 
literature (Lundeheim, 1987; Jorgensen and Andersen, 2000; Jørgensen and Nielsen, 
2005; Busch and Wachmann, 2011). The European Food Safety Authority (EFSA, 
2007) identified leg disorders, as a consequence of genetic selection, as a serious 
area of concern and recommended that the welfare implications, due to the 
prevalence of leg disorders as a result of breeding methods, should be determined. 
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1.3.5 Nutrition 
Nutrition and limb health are inherently linked. Particularly in relation to diet 
composition, feed intake and nutritional management (Knauer et al., 2007; Bradley, 
2010; Crenshaw et al., 2013; van Riet et al., 2013). Nutrition is directly related to 
claw, bone and cartilage physiology and indirectly affects limb health through the 
effect of weight gain.  
 
Supplying the correct vitamins and minerals in the correct quantities is essential to 
limb health in production animals (Mohammadina, 2008). Much work has been 
carried out on the importance of adequate supplies of various minerals and 
vitamins for claw health in commercially valuable animals, particularly in cattle with 
some work investigating this in pigs (Hedges et al., 2001; Tomlinson et al., 2004; 
Anil, 2011). Keratinisation of the hoof epidermal cells to make horn is reliant upon 
an adequate supply of minerals, as well as vitamins and trace elements (Tomlinson 
et al., 2004). Hoof horn of reduced quality is produced if nutrient supply is 
inadequate, which results in the hoof being more vulnerable to physical, chemical 
and microbial damage from the surrounding environment (Tomlinson et al., 2004).  
 
Trace minerals such as zinc, manganese and copper are key minerals for hoof 
health, enzyme system and immune system functioning (Tomlinson et al., 2004; 
Tomlinson et al., 2008). Zinc is important in relation to horn production and the 
health of the skin due to its essential role in cellular repair and replacement and 
thus, the rate of wound healing (Mohammadina, 2008; Tomlinson et al., 2008; van 
Riet et al., 2013). In poultry, dietary zinc supplementation reduces scratches, cuts 
and other skin imperfections, while in cattle, zinc deficiency is associated with joint 
stiffness (Tomlinson et al., 2008). Copper is crucial in the development of antibodies 
and the replication of lymphocytes (Tomlinson et al., 2004). Copper deficient cows 
were found to have cracks in the heel and sole abscesses (Puls, 1994; Tomlinson et 
al., 2008; NRC, 2012; van Riet et al., 2013). Manganese is important for horn 
production and the formation and maintenance of cartilage and bone in cattle, 
deficiency is associated with joint stiffness and enlargement, and weak or short 
bones (Mohammadina, 2008; Petersen et al., 2008; van Riet et al., 2013). The 
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addition of an organic chelated trace mineral complex of zinc, copper and 
manganese to the diet of breeding sows has been investigated and heel erosion, 
heel overgrowth and white line lesions were reduced after supplementation (Anil, 
2011). This suggests that such minerals may help to reduce the prevalence of 
lameness in sows. Ferket et al. (2009) also reported a reduction in leg abnormalities 
due to rapid growth rate after zinc, copper and manganese supplementation. 
 
Vitamins also influence claw health. Biotin is one of the most widely investigated 
vitamins in relation to claw hardness, playing an important role in the formation of 
keratinised tissues which include the skin, claw horn and foot pads (Bryant et al., 
1980; Campbell et al., 2000; Tomlinson et al., 2004). Hedges et al. (2001) found a 
significant reduction in lameness in cattle after biotin supplementation. Biotin 
significantly reduced white line separation, vertical cracks and coronary band 
lesions in cattle (Campbell et al., 2000; Hedges et al., 2001). A reduction in toe 
lesions, heel cracks and side wall cracks in sows was also observed after biotin 
supplementation (Bryant et al., 1980). Vitamins A, B and E also have an important 
role in the process of claw formation and health (Tomlinson et al., 2004). A balance 
between these various minerals and vitamins are important as interactions can alter 
their bioavailability (Mohammadina, 2008; Anil, 2011). The addition of various 
minerals and vitamins improves claw health and might thereby improve sow 
longevity by meeting some of the nutrient demands of the sow during lactation 
(Goodband et al., 1993).  
 
Calcium is an essential determining factor of bone strength (Hall et al., 1991). 
During gestation and lactation calcium requirements increase and calcium reserves 
in the bones may be used to meet this demand, if a deficiency results, long term 
bone strength is reduced making sows more vulnerable to bone fractures (Mahan, 
1990; Mills et al., 2010). The main nutritional causes of osteochondrosis are vitamin 
deficiency (Vitamin C, A, D and Biotin), copper deficiency and excess zinc in the diet 
(Nakano et al., 1987). Research on the effect of dietary energy on osteochondrosis 
is contradictory (van Riet et al., 2013). Several studies have found restrictive feeding 
positively affects joint lesions (Goedegebuure et al., 1980; Savage et al., 1993), 
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while others have reported no influence of dietary restriction (Jørgensen, 1995; 
Donabédian et al., 2006; van Riet et al., 2013). These studies however were carried 
out on multiple species (pigs and horses) at different stages of production. 
 
1.3.5.1 Gilt and sow nutrition  
Young replacement animals are particularly susceptible to lameness as a result of 
inadequate nutrition during the developmental phase. In a study by Calderón Díaz 
et al. (2013) it was reported that 39% of replacement gilts were lame on entry to 
the breeding herd. The majority of producers feed diets formulated for finisher pigs 
to replacement gilts until service (Boyd et al., 2002). On some farms producers feed 
diets formulated for pregnant sows to growing gilts from selection at 100kg. Such 
regimes are nutritionally inadequate for the developing gilt; a gestating sow diet is 
formulated for a sow that has finished growing and a finisher diet is formulated for 
fast growth rates, high lean meat deposition and cost efficiency (Harper et al., 
2002). In contrast diets specifically formulated for the developing female animal 
include the nutrient requirements for bone development and fat deposition. High 
growth rates are linked with several pig welfare issues (Grondalen and Vangen, 
1974; Marchant Forde and Broom, 1996; EFSA, 2007; Prunier et al., 2010), and so 
are counter-productive for growing female breeding animals. Calcium and 
phosphorus are necessary for the development and maintenance of bone (van Riet 
et al., 2013). Replacement gilts require higher levels of calcium and phosphorous or 
bone mineralisation to prevent bone weaknesses and as a backup source of Ca and 
P for the litter if needed during gestation and lactation (Mahan, 1990; Marchant 
Forde and Broom, 1996).  
 
1.4 Pig production in Ireland 
Ireland is one of the key pig producing countries within the EU with a total pig 
population of 1,403.600 on 290 pig production sites with a total herd size of 
151,100 and an average herd size per farm of 520 sows (Teagasc, 2014, CSO, 2014 
(CSO, 2014). Pig production is the third most important agricultural sector in 
Ireland, behind beef and milk production, accounting for 8% of the gross 
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agricultural output (GAO) (BordBia, 2014). Approximately 185,000 tonnes of pig 
meat were exported in 2013 with an estimated value of €525 million, 44% of which 
was exported to the UK market (Bordbia, 2013). The pig sector employs in excess of 
7500 people, 1300 of which are employed directly on farms, with the remainder 
involved in areas such as transportation, meat processing and pig feed 
manufacturing (Teagasc 2014). Despite its importance to the national economy, on-
farm profitability is volatile due to high production costs as it is estimated that pig 
feed alone currently makes up 70% of the production costs of pig meat (Teagasc, 
2014). Tight margins coupled with the expense associated with compliance with the 
EU Directive 2001/88/EC in recent years makes it imperative to find ways to 
improve on farm productivity thus improving profitability. Lameness, limb and claw 
lesion prevalence has not previously been quantified in Ireland. Identification of the 
extent of on-farm welfare problems such as lameness and identifying causes and 
possible methods to improve limb health ultimately reducing lameness levels may 
improve sow longevity and the number and quality of finisher stock, improving both 
on-farm welfare and profitability. 
 
1.5 Project sponsor 
This project was carried out in conjunction with Teagasc, the Agriculture and Food 
Development Authority of Ireland. The Teagasc Pig Development Department 
Advisory Service facilitated the survey by providing farmer contact details from the 
advisory service database. The Pig Development Department research facilities 
were used to carry out the cohort study elements of the project. The funding for 
this project was provided by the Teagasc Walsh fellowship scheme and Teagasc core 
funding. 
 
1.4 Conclusions 
Compromised limb health is a serious concern in commercial pig farms. Determining 
the prevalence of lameness, limb and claw lesions and identifying the risk factors for 
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these with possible management methods to reduce such lesions would benefit 
productivity and pig welfare on commercial pig farms.  
 
1.5 Research objectives 
 To determine the prevalence and identify risk factors for limb and foot 
lesions in piglets and weaners in a cross-sectional study of commercial 
farms in Ireland. 
 To determine the prevalence and identify risk factors for lameness, limb 
lesions, claw lesions and body lesions in finishers, gilts and sows in a 
cross-sectional study of commercial farms in Ireland. 
 To determine the effect of limit feeding a diet formulated for developing 
gilts on lameness, limb and claw lesions, bone mineral density, growth 
performance and carcass traits. 
 To determine the effect of ad-libitum feeding a diet formulated for 
developing gilts on lameness, limb and claw lesions, bone mineral 
density, carcass traits and behaviour. 
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Chapter 2 
A cross-sectional study on the prevalence and 
risk factors for limb and foot lesions in piglets on 
commercial farms in Ireland 
2.1 Abstract 
A cross-sectional survey of 68 integrated Irish pig farms was conducted to 
determine the prevalence and risk factors for foot and limb lesions in 2948 piglets 
from 272 litters. One litter was selected per age category 3–7 days (d), 8–14d, 15–
21d and 22–28d per farm. All piglets were examined for limb abrasions, limb 
swellings, sole bruising, sole erosion, foot swellings and coronary band injuries and 
scored from 0–3 based on relative size. Environmental parameters were recorded 
for each litter examined. A questionnaire was completed on management, health 
and performance factors for each farm. The overall prevalence of each lesion was 
calculated and multilevel mixed effect logistic regression models were used to 
elucidate risk factors. The prevalence (farm range) of lesions were: sole bruising 
61.5% (7-100%), sole erosion 34.1% (0-100%), coronary band injuries 11.3% (0-
46%), limb abrasions 55.7% (11-98%), swollen limbs 2.4% (0-11%) and swollen feet 
4.4% (0-14%). Age was negatively associated with sole bruising (OR 0.42; CI 0.37, 
0.50) and coronary band injury (OR 0.69; CI 0.60, 0.81) and positively associated 
with limb abrasions (OR 1.54; CI 1.12, 2.14). There was a reduced risk of sole 
bruising in piglets in pens with plastic slats with oval voids in the piglet area of the 
pen with a plastic solid area for piglets and metal slats under the crate (OR 0.32; CI 
0.15, 0.70) compared with plastic stats throughout and a plastic solid area for 
piglets. There was an increased risk of sole erosion (OR 1.81; CI 1.07, 3.09) and foot 
and limb swellings in pigs in pens with metal slats only and a solid plastic area for 
piglets (OR 1.90; CI 1.01, 3.57) compared with plastic stats throughout and a solid 
plastic area for piglets. There was an increased risk of coronary band injury in pens 
with metal slats throughout and a metal solid area for piglets (OR 4.25; CI 1.96, 
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3.57) compared with plastic stats throughout and a plastic solid area for piglets. We 
conclude no single floor type was ideal for piglet foot and limb health with all floors 
influencing different lesions in different ways, however, the positive association 
between sole erosions, coronary band injury and foot and limb swellings and metal 
slats suggest that this floor type was most detrimental and most likely to be 
associated with joint infections that lead to severe health and welfare concerns. 
 
2.2 Introduction 
Nursing piglets can develop various injuries to their limbs and feet (KilBride et al., 
2009b). Prevalence and severity vary by lesion type and environment (Mouttotou et 
al., 1999c; KilBride et al., 2009b). However foot and limb injuries impair welfare, 
reduce performance and may cause death, with joint ill or lameness reported as the 
cause of 2.8% of preweaning mortality (Mouttotou and Green, 1999a; Johansen et 
al., 2004; Kilbride et al., 2012; Westin et al., 2014). 
 
Limbs are affected by skin abrasions, alopecia and swellings. Abrasions are removal 
of the epidermis with either an open wound or healing scab present (Mouttotou et 
al., 1999c; KilBride et al., 2009b). They predominantly affect the carpal joint 
bilaterally and are caused by friction between limb and floor during feeding (Lewis 
et al., 2005). Abrasions develop within hours of birth and their incidence typically 
reduces with age (Straw et al., 2006; KilBride et al., 2009b; Zoric et al., 2009). 
Alopecia can arise from mild abrasions to the skin or from scar tissue which is non-
hairy and typically reflects healed abrasions (Mouttotou et al., 1999c; KilBride et al., 
2009b).  
 
Lesions to the foot include sole bruising and sole erosion, coronary band injuries 
and swellings. Sole bruising is haemorrhaging into the solar corium (Mouttotou and 
Green, 1999a; KilBride et al., 2009b). It is most prevalent in the first week of life 
when the epidermis is very thin (Zoric, 2008; KilBride et al., 2009b). Erosion arises 
when the sole epidermis is removed (Mouttotou and Green, 1999a; KilBride et al., 
2009b). Both lesions are associated with a reduction in suckling and active 
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behaviour and a slower growth rate; probably because of the pain associated with 
such injuries (Mouttotou and Green, 1999a). Little is known about coronary band 
injuries but it is thought to arise when the toe or, in very young piglets, the entire 
claw, wedges in the slat void leading to pressure and necrosis (KilBride et al., 
2009b).  
 
As abrasions, sole erosion and injury to the coronary band penetrate the epidermis 
they provide an entry site for pathogens that can lead to secondary infection in the 
tarsal, carpal, carpophalangeal, or digital joints, which results in swelling 
(inflammation) in the joints of the limbs and feet (Penny et al., 1971; Zoric et al., 
2004; KilBride et al., 2009b). Such bacterial infections can cause osteomyelitis, 
arthritis, endocarditis, or meningitis (Penny et al., 1971; Mouttotou and Green, 
1999a; Zoric et al., 2004; Straw et al., 2006; KilBride et al., 2009b). KilBride et al. 
(2009b) found a relatively low prevalence (5.5%) of swellings but their effect on 
piglet welfare and performance is severe and so even low prevalence is of concern 
(Kilbride et al., 2012). 
 
In general a lower incidence of foot and limb injuries is associated with outdoor 
systems and indoor systems with straw bedding (Mouttotou et al., 1999c; KilBride 
et al., 2009b; Zoric et al., 2009). Indoors, in the absence of bedding, plastic floors 
(Furniss et al., 1986; Lewis et al., 2005) and rubber covered floors are also 
associated with a lower incidence of lesions (Gravås, 1979). KilBride et al. (2009b) 
investigated the prevalence and risk factors for foot and limb lesions in piglets in 
England in a number of types of production system including outdoor and indoor 
systems with straw and indoor systems without bedding. However, in most other 
countries outside of the UK production systems are more homogenous and 
intensive; in 95% of EU farms sows farrow in crates whilst the equivalent figure in 
the UK is 70% (BPEX, 2004; Johnson and Marchant-Forde, 2009). To date, there has 
been no large scale study of piglet foot and limb injuries in indoor, predominately 
slatted systems without the use of straw, as used across the EU. Hence, the aim of 
the current study was to investigate the prevalence and risk factors for foot and 
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limb lesions in piglets reared in commercial intensive systems in Ireland which may 
additionally provide valuable information for the main EU pig producing countries. 
 
2.3 Methods 
2.3.1 Farm selection and sample size 
Data were collected as part of a cross-sectional survey examining the prevalence 
and risk factors for lameness, foot and limb lesions in pigs at all stages of the 
production cycle on Irish farms (Chapter 2, 3 and 4). Sample size was estimated at 
59 farms based on an expected overall prevalence of foot and limb lesions of 95%, a 
population size of 297 integrated (produced pigs from ‘farrow to finish’, >100 sows 
on a single production site) pig farms in Ireland, 95% confidence interval and 
precision of 5% using Win Episcope 2.0. A total of 68 integrated pig farms were 
sampled between March 2011 and December 2012. No farms in Northern Ireland 
were sampled. Farms were selected from a database containing information on c. 
98 farms which were availing of the Teagasc advisory service with a mean herd size 
of 654 sows. The database consisted of farmers who sought advice from trained 
agricultural advisors in 2009 and 2010. Farms within the database were divided into 
geographical regions. The numbers of farms to be sampled per region was 
determined based on farm density within a region. Farms were then randomly 
selected by assigning a number to each farm and using a random number generator 
to identify a farm for selection. Farms were contacted by phone and were invited to 
participate in the survey.  
 
2.3.2 Training and biosecurity 
All farms were visited by one trained researcher (Amy Quinn [AQ]) and 1 to 2 
research assistants. All animal based measures were scored by the same person 
(AQ). The main observer (AQ) was trained by an experienced researcher (Laura 
Boyle [LB]) over 28d. Training involved repeated scoring until over 90% repeatability 
was reached. A total of 7 research assistants also participated in data recording. 
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Training was conducted with each assistant by AQ, which included a detailed review 
of the protocols, demonstrations and practice data collection sessions. 
 
A maximum of 2-3 farms were visited each week depending on the biosecurity 
practices of the farms. The majority of farmers required the research team to have 
been away from pigs for 24 - 72 hours prior to visiting their farm. Disposable 
equipment (e.g. overalls, masks earplugs, gloves) was used where possible and all 
other equipment (clip boards, torch, measuring tape, electronic distance measure) 
was thoroughly cleaned and disinfected between each farm visit. 
 
2.3.3 Measurements  
A tour of the farm was provided by a member of the farm staff to familiarise the 
research team with the farm layout. On each farm, four litters were selected for 
examination, one from each of the following age groups; 3–7 days (d), 8–14d, 14d, 
15–21d and 22–28d and every piglet in each selected litter was examined. All pens 
of each age category on the farm were counted and assigned a number; a random 
number generator was then used to determine the pens to be examined. Piglets 
were lifted for examination of their limbs and feet (Appendix 1). Lesion definitions 
can be found in Appendix 2. 
 
2.3.3.1 Limb lesions  
All four limbs were examined for abrasions, alopecia and swellings and scored as 
per KilBride et al. (2009b) (Appendix 3). Abrasions and alopecia were scored from 
0–3 as follows: 0 = no lesion, 1 = < 25%, 2 = 25–50%, 3 = > 50% of the size of the 
nearest joint on the affected limb. Limb and foot swellings were scored from 0–3 as 
follows: 0 = no lesion, 1 = < 25%, 2 = 25–50%, 3 = > 50% of the size of the opposing 
unaffected joint or foot, if joint or foot were bilaterally affected a pig of the same 
size was used for comparison.  
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2.3.3.2 Foot lesions 
All four feet were examined for swellings, sole bruising and sole erosion and scored 
as per KilBride et al. (2009b) (Appendix 3). Sole bruising and erosion were scored 
from 0–3 as follows: 0 = no lesion, 1 = < 25%, 2 = 25–50%, 3 = > 50% of the heel 
affected. Coronary band damage was defined as disruption to the epidermis at the 
coronary band presenting as an open or healing wound and it was scored as 
follows: 0 = no lesion, 1 = < 25%, 2 = 25–50%, 3 = > 50% of the total coronary band 
area affected by a lesion. These scoring systems took variation in the piglets size 
into account as the score of the lesion was relative to the size of the pig.  
 
2.3.3.3 Environmental parameters 
Environmental measurements were recorded in the pens in which selected litters 
were housed (Table 2.1). A detailed diagram of each pen was also drawn indicating 
the location of resources in each pen (Appendix 1).  
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Table 2.1 Environmental measurements for piglets. 
Pen measurements Option 
Area  Pen m2 
Fully slatted  m2 
Fully solid  m2 
Crate  m2 
Heat pad  m2 
Feeder  m2 
Wall composition Material Concrete, plastic, metal, wood, other 
Structure  Fully solid, part solid +50%, part solid 
<50% 
Flooring Structure Solid, fully slatted, partially slatted 
Material  Concrete, plastic, metal, other 
Flooring dimensions  Slat void width, length, inter-void 
area, shape, profile, edge profile, 
surface texture) 
Slopes and steps  Present, absent 
Feeders 
 
Sow feeder Present, absent 
Piglet feeder Present, absent 
Drinker Piglet drinker Present, absent 
Supplementary 
heat 
Heat pads Present, absent 
 Heat lamps Present, absent 
Bedding  Present, absent 
 
2.3.3.4 Management parameters 
A questionnaire was completed on each farm with the farm manager (Appendix 1). 
It comprised of 147 questions on the following topics; animal management 
routines, breeding policy and genetics, farm performance records, hygiene 
practices, nutrition and pig health.  
 
2.3.4 Data analysis 
Databases were created in Microsoft Access 2003 to store data, to maintain data 
accuracy all data was inputted by AQ. Each farm was assigned a random number for 
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database identification and no identifiable information was stored in the database 
in order to ensure data security. Data were checked for outliers prior to analysis. 
Outliers were checked against the raw data and impossible values were removed. 
 
2.3.4.1 Calculation of prevalence of lesions 
The prevalence of foot and limb lesions was calculated by maximum severity score 
and by presence / absence of each lesion per pig. The following formula was used to 
calculate prevalence of the lesions: 
 
    o. piglets with lesion score ≥1               X 100 
No. piglets examined on all farms  xxxxxxxxxx 
 
The herd prevalence was also calculated to determine the range of lesions between 
farms. The following formula was used to calculate herd lesion prevalence to 
determine the range between herds:  
 
 o. piglets on farm with lesion score ≥1               X 100 
No. piglets examined on the farm xxxxxxxxxxxx 
 
Chi-squared statistics were used to test differences in prevalence and  earson’s 
correlation coefficient was used to examine correlations between lesions. 
 
2.3.4.2 Descriptive analysis of flooring environments 
Slat shape and flooring material used for the slatted and solid areas were 
correlated. As a consequence floor characteristics were grouped into 6 categories. 
Descriptions and the distribution of the floor characteristics are shown in Tables 2.2 
and 2.3. Foot and limb swellings were combined for regression analysis because of 
the low number of animals affected (70 and 129 respectively). The solid area of a 
pen was determined by adding the area of the heat pad, if present, and any other 
solid area (e.g. piglet solid area) within the pen. The farrowing pen was coded into 
three areas: sow lying area, piglet slatted area, piglet solid area (Figure 2.1). 
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Table 2.2  The six categories of pen floors for piglets. 
Floor type category 
Material used 
Piglet area slat Sow area slat 
Solid piglet 
area 
Plastic slat, solid plastic Plastic Plastic Plastic 
Plastic (oval) and metal 
slats, solid plastic 
Plastic Metal Plastic 
Plastic (rectangular) and 
metal slats, solid plastic 
Plastic Metal Plastic 
Metal slat, solid plastic Metal Metal Plastic 
Metal slat, metal solid Metal Metal Metal 
Other slats, solid concrete 
Metal, concrete, 
plastic 
Metal, concrete, 
plastic 
Concrete 
 
 
Table 2.3  Number (n) and percentage (%) of piglets by type of floor. 
Floor type n % 
Plastic slat, solid plastic 675 22.9 
Plastic (oval) and metal slats, solid plastic 283 9.6 
Plastic (rectangular) and metal slats, solid plastic 545 18.5 
Metal slat, solid plastic 548 18.6 
Metal slat, metal solid 320 10.9 
Other slats, solid concrete 577 19.6 
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Figure 2.1 Farrowing crate “Typical design” based on mean dimensions 
 
2.3.4.3 Risk factors 
Data were analysed using MlwiN 2.27 (Rasbash et al., 2012). Multilevel mixed effect 
logistic regression was used to allow for pigs clustered in litters within farms and 
therefore a two level random effect model was used. All continuous variables were 
transformed to categorical variables and checked for linearity, if a linear association 
was found the continuous variable was used, otherwise the categorical version was 
used. Predictor variables were screened in the univariable analysis and those with a 
significance of P<0.2 were used to develop the multivariable model. They remained 
in the final model if they were significant at  ≤0.05. If variables were highly 
correlated the variable that made the most biological sense was left in the model. 
Then to check for residual confounding all variables not in the model, including 
those with p>0.2 in the univariable analysis were retested in the model. The 
following model was used: 
  
Logit(pijk) = β0 + Σβxijk + Σβxjk + Σβxk + vk + ujk 
 
pij = the proportion of the litter that were affected (score ≥1) with the lesion being 
investigated, Logit= logit link function, β0= constant, βx = vector of fixed effects 
varying at level 1 (ijk), level 2 (jk), or level 3 (k), i =Piglet, j=pens (i.e. litter), K= farms, 
vk= level 3 residual variance, ujk= the level 2 residual variance. When the prevalence 
 
Piglet slatted 
area 
Sow slatted 
area Piglet solid 
area 
Sow feeder 
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of lesions was low or high (<5% or >95%) logistic regression was not carried out. For 
each model the predicted and observed data were combined and sorted in 
ascending sequence according to the predicted data set. The predicted and 
observed data were then divided into 6 categories and summed and these values 
were visually assessed with model fit acceptable for all models. 
 
2.4 Results 
2.4.1 Farm features 
A total of 2948 piglets were examined from 272 litters (3-7d = 757; 8–14d = 753; 
15–21d = 727 and 22–28d = 711 piglets). The overall mean litter size was 10.9 (SD 
±1.5), with a mean litter size per age category of 3-7d = 11.1 (SD ±1.4); 8–14d = 11.1 
(SD ±1.4); 15–21d = 11.0 (SD ±1.4) and 22–28d=10.5 (SD ±1.7) piglets. All piglets 
were housed indoors in farrowing pens consisting of a farrowing crate and a piglet 
area on a variety of floor types, bedding was not provided in any form on any of the 
farms. The mean pen area was 4.0 m2 (±0.3) with an mean slat width of 11 mm (±3) 
and void width of 10 mm (±1.5) in the piglet area and a slat width of 18 mm (±10) 
and void width of 12 mm (±5) in the sow area. 
 
Slat shape and flooring material used for the slatted and solid areas were 
correlated. As a consequence floor characteristics were collapsed into 6 categories 
(Table 2.2 and Figure 2.1). Descriptions and the distribution of the floor 
characteristics are shown in Table 2.2 and 2.3, and examples of the floor types can 
be seen in Figure 2.2 and 2.3. Limb and foot swellings were combined for regression 
analysis because of the low number of animals affected (70 and 129 respectively).  
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Figure 2.2. Image of farrowing crate showing the combination “plastic slat, solid 
plastic” i.e. plastic slats in the sow and piglet areas and a solid plastic piglet area. 
  
 
 
 
Figure 2.3 Image of types of piglet flooring: (A) Metal slat, (B) Plastic (rectangular) 
slat, (C) Plastic (oval) slat, (D) Solid metal, (E) Solid plastic.  
  
2.4.2 Prevalence of limb and foot lesions  
The prevalence of sole bruising, sole erosion, coronary band injury, limb abrasions, 
alopecia, swollen limbs and swollen feet in 2948 piglets was 61.5%, 34.1% , 11.3%, 
 A 
B 
A 
 A 
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 A 
B 
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B 
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E 
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55.7%, 24.8%, 2.4% and 4.4% respectively (Table 2.4). There was a wide range in the 
prevalence of foot and limb lesions between farms: sole bruising (7-100%), sole 
erosion (0-100%), coronary band damage (0-46%), foot swelling (0-14%), limb 
abrasions (11-98%), alopecia (0-83%) and limb swelling (0-11%).  
  
The prevalence of foot and limb lesions varied between the front and hind limbs 
and feet (Table 2.4). Limb abrasions were more prevalent on front (54.7%) than on 
hind (6.7%) limbs. Injury to the coronary band was slightly more prevalent on front 
than on hind feet (8.4% vs. 4.9%) as was sole bruising (55.1% vs. 48.4%). There was 
no significant difference in the prevalence of lesions between the left and right 
limbs and feet. The distribution of lesions by severity score varied by lesion type. 
When present, sole bruising, sole erosion and coronary band injuries were mainly 
score 1 while, the modal score for limb abrasions and alopecia was 2. The 
prevalence of foot and limb lesions varied by age and pen floor type (Table 2.5).
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Table 2.4  Number (n) and prevalence (%) of lesions in front and hind limbs in piglets with 
lesion present (score ≥ 1), and each of scores 1, 2 and 3. 
    Present  Score 1 Score 2 Score 3 
    n % n % n % n % 
Sole bruising 1863 61.5 1277 41.6 487 16.5 99 3.4 
 
Front limbs 1624 55.1 1167 39.6 392 13.3 65 2.2 
 
Hind limbs 1426 48.4 1044 35.4 329 11.2 53 1.8 
          Sole erosion 1005 34.1 576 19.5 321 10.9 108 3.7 
 
Front limbs 689 23.4 437 14.8 195 6.6 57 1.9 
 
Hind limbs 793 26.9 475 16.1 241 8.2 77 2.6 
          Coronary band injury 333 11.3 185 6.3 91 3.1 57 1.9 
 
Front limbs 248 8.4 135 4.6 71 2.4 42 1.4 
 
Hind limbs 143 4.9 94 3.2 32 1.1 17 0.6 
          Foot swelling 129 4.4 44 1.5 47 1.6 38 1.3 
 
Front limbs 84 2.9 28 1.0 33 1.1 23 0.8 
 
Hind limbs 49 1.7 17 0.6 15 0.5 17 0.6 
          Limb abrasion 1641 55.7 424 14.4 757 25.7 460 15.6 
 
Front limbs 1612 54.7 416 14.1 752 25.5 444 15.1 
 
Hind limbs 198 6.7 117 4.0 53 1.8 28 1.0 
          Alopecia 731 24.8 176 6.0 352 11.9 203 6.9 
 
Front limbs 704 23.9 168 5.7 338 11.5 198 6.7 
 
Hind limbs 70 2.4 23 0.8 23 0.8 24 0.8 
          Swollen limb 70 2.4 27 0.9 30 1.0 10 0.3 
 
Front limbs 44 1.5 13 0.4 16 0.5 15 0.5 
  Hind limbs 29 1.0 11 0.4 7 0.2 11 0.4 
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Table 2.5  Number (n) and prevalence (%) of piglets affected (score ≥1) by sole bruising, sole erosion, coronary band damage, foot swellings, 
limb abrasions, alopecia and limb swellings for the different categories of age and floor characteristics. 
  
  Sole bruising Sole erosion Coronary band damage Foot swelling Limb abrasion Alopecia Limb swelling 
  n % n % n % n % n % n % n % 
Age 
              
 
3-7d 667 87.9 264 34.8 146 19.2 32 4.2 321 42.3 57 7.5 8 1.1 
 
8–14d 521 69.3 265 35.2 82 10.9 30 4.0 370 49.2 129 17.2 9 1.2 
 
15–21d 348 47.9 234 32.2 47 6.5 24 3.3 421 58.0 260 35.8 24 3.3 
 
22–28d 277 39.0 242 34.0 58 8.2 43 6.1 529 74.4 285 40.1 29 4.1 
Floor types 
              
 
Plastic slat, solid plastic 427 63.3 209 31.0 58 8.6 23 3.4 351 52.0 130 19.3 11 1.6 
 
Plastic (oval)and metal 
slats, solid plastic, 
103 36.4 51 18.0 16 5.7 11 3.9 109 38.5 38 13.4 6 2.1 
 
Plastic (rectangular) and 
metal slats, solid plastic 
377 69.2 131 24.0 51 9.4 26 4.8 308 56.5 103 18.9 16 2.9 
 
Metal slat, solid plastic 372 67.9 252 46.0 78 14.2 32 5.8 336 61.3 135 24.6 19 3.5 
 
Metal slat, metal solid 183 57.2 139 43.4 75 23.4 15 4.7 174 54.4 126 39.4 6 1.9 
  
Other slats, solid 
concrete 
351 60.8 223 38.7 55 9.5 22 3.8 363 62.9 199 34.5 12 2.1 
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2.4.3 Risk factors for limb and foot lesions 
2.4.3.1 Sole bruising  
The risk of sole bruising decreased with age. There was a lower risk of sole bruising 
in piglets in pens with plastic oval slats in the piglet area and metal slats under the 
sow with a solid plastic area when compared with piglets in pens with plastic stats 
throughout and a plastic solid area for piglets (Table 2.6). 
 
2.4.3.2 Sole erosion 
There was no association between sole erosion and age. There was an increased 
risk of sole erosion in piglets in pens with metal slats throughout with a piglet 
plastic solid area and for piglets in pens which had an other slatted area and a 
concrete solid area when compared to pigs in pens with plastic stats throughout 
and a piglet plastic solid area. The other category comprised of a variety of 
concrete, metal and plastic combinations. The risk of sole bruising decreased when 
a heat pad was present (Table 2.6). 
 
2.4.3.3 Coronary band damage 
The risk of coronary band injury decreased with age. There was an increased risk of 
coronary band injury in piglets in pens with metal slats throughout with a piglet 
metal solid area when compared to pigs in pens with plastic stats throughout and a 
piglet plastic solid area (Table 2.6). 
 
2.4.3.4 Limb abrasion 
The risk of limb abrasions increased with age. There was no significant association 
between limb abrasions and floor type (Table 2.6). 
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2.4.3.5 Correlations between lesions  
Several foot and limb lesions were correlated to one another (Table 2.7). Key 
associations were a positive association between limb abrasions and limb joint 
swelling and a positive association between sole erosion and coronary band injury 
and foot swelling.  
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Table 2.6  Multilevel mixed effect binomial regression models of the risks associated with presence of sole bruising, sole erosion, coronary band 
injury, limb abrasions and foot and limb swellings in piglets. 
  Sole bruising Sole erosion 
Coronary band 
damage 
Limb abrasion Alopecia 
Limb & foot 
swellings 
Intercept coefficient 2.67 0.3 -1.56 -0.29 -3.3 -0.82 
              
   
   
  
OR CI OR CI OR CI OR CI OR CI OR CI 
Age  0.42 0.37 0.50 0.97 0.88 1.06 0.69 0.60 0.81 1.54 1.12 2.14 1.19 1.04 1.36 1.25 1.06 1.47 
Floor type 
                  
 
Plastic slat, plastic 
solid                   
 
Plastic (oval) & 
metal slats, solid 
plastic 
0.32 0.15 0.70 1.19 0.69 2.07 0.59 0.22 1.59 
   
0.68 0.30 1.53 1.32 0.58 3.00 
 
Plastic (rectangular) 
& metal slats, solid 
plastic 
1.70 0.88 3.28 1.93 1.13 3.30 1.02 0.46 2.24 
   
0.17 0.09 0.34 1.59 0.82 3.08 
 
Metal slat, plastic 
solid 
1.32 0.72 2.41 1.92 0.62 5.93 1.74 0.87 3.51 
   
1.16 0.63 2.12 1.90 1.01 3.58 
 
Metal slat, metal 
solid 
0.95 0.47 1.91 1.54 0.82 2.90 4.25 1.96 9.22 
   
2.59 1.30 5.15 1.33 0.62 2.86 
 
Other slats, solid 
concrete 
1.24 0.69 2.23 1.79 1.04 3.08 1.23 0.61 2.50 
   
1.62 0.91 2.90 1.28 0.67 2.46 
Heat pad present 
   
   
            
 
Yes 
   
0.3 0.2 0.6 
            
 
No 
                  Random effects Var SE Var SE Var SE Var SE Var SE Var SE 
 
Farm 0.6 0.17 1.2 0.24 0.8 0.23 0.5 0.12 0.7 0.17 0.3 0.15 
   Pen 0.9 0.14 0.3 0.07 0.8 0.18 0.5 0.09 0.7 0.13 0.6 0.21 
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Table 2.7  Significant correlations between piglet foot and limb lesions. 
  
Limb swelling Foot swelling Sole bruising Sole erosion 
Coronary 
band injury Limb abrasion Alopecia 
Limb swelling 1            
Foot swelling 0.09*** 1      
Sole bruising -0.06** 0.02 1     
Sole erosion 0.02 0.11*** 0.19*** 1    
Coronary band injury 0.01 0.21*** 0.01 0.12*** 1   
Limb abrasion 0.08*** 0.04* -0.01 0.07** 0.05* 1  
Alopecia 0.8*** 0.11*** -0.06** 0.09*** -0.03 0.05* 1 
* = <0.05, ** = <0.005, *** = -<0.0001 
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2.5 Discussion 
This study is the first to examine the prevalence and risk factors for foot and limb 
lesions in piglets on commercial farms in Ireland and it is the largest cross-sectional 
study to date of indoor housing systems. The information provided in this study is 
valuable to all pig producing countries as the majority use indoor accommodation 
without bedding for piglets. 
 
This is the first cross-sectional study to determine the prevalence and risk factors of 
coronary band injuries. However a previous study has indicated that straw provision 
reduces the occurrence of this lesion (Westin et al., 2014). In the current study, the 
negative association with increasing age is likely due to a combination of healing 
lesions and increasing resilience over time and reduced incidence of occurrence 
with increasing size and resilience of the foot as the piglet gets older which makes it 
less likely to become trapped in the voids between the slats (KilBride et al., 2009b). 
There was an increased risk of coronary band injury in pens with metal slats 
throughout with a metal solid area for piglets when compared to the other floor 
types. Metal is a more unyielding material than plastic and therefore applies more 
pressure to the coronary band if the foot becomes caught in the void between the 
slats and this might explain the increased risk of injury (Gregory and Grandin, 2007; 
KilBride, 2008).  
 
As reported in other studies, sole bruising was the most prevalent foot lesion, 
although there was an even higher prevalence of sole bruising in the current study 
(62%) than in Mouttotou et al. (1999c) (50%) and KilBride et al. (2009b) (49%). This 
might be explained by the absence of outdoor farms and farms with solid floors 
with bedding in the current study, which was associated with a reduced risk of sole 
bruising in the previous studies and that all the floors in the current study were 
slatted, at least in part, which was associated with a higher prevalence of sole 
bruising (Mouttotou et al., 1999c; KilBride et al., 2009b; Westin et al., 2014). The 
negative association between sole bruising and age is probably because the 
epithelium of the sole at birth is only 1 – 2 mm deep and thickens as the piglets age 
 46 
 
thereby making the sole less susceptible to bruising (KilBride et al., 2009b). In the 
current study, the risk of sole bruising decreased when the floors had plastic oval 
slats in the piglet area, metal slats in the sow area and a piglet solid plastic area 
when compared to pens with fully plastic rectangular slats with a piglet plastic solid 
area. This is possibly due to a more even distribution of weight to the foot pad 
provided by an oval compared to a rectangular shaped void, reducing pressure on 
specific points of the foot. The risk of sole bruising also decreased when a heat pad 
was present. Mouttotou and Green (1999a) reported that the protective benefit of 
a heat pad is related to the fact that piglets use these areas of the pen more 
because of increased comfort and warmth and therefore spend less time in the 
potentially more injurious parts of the pen i.e. the slatted sow area.  
 
KilBride et al. (2009b) also suggested an alternative hypothesis to reduction in sole 
bruising, which is that sole bruising is replaced by sole erosion (when the epidermal 
layers of skin are removed) in harsh environments and so bruising will no longer be 
present. There was a high prevalence of sole erosion in the current study (34%) in 
comparison to KilBride et al. (2009b) (17%) and it was most strongly associated with 
sole bruising. This is a serious welfare concern as this injury, along with injury to the 
coronary band, is associated with pain and both can act as an entry site for bacteria 
and result in infection and joint swelling (Penny et al., 1971; Mouttotou and Green, 
1999a; Straw et al., 2006). Metal slats are considerably more abrasive than plastic 
slats (Gregory and Grandin, 2007), so it is not surprising that the risk for sole erosion 
and swellings increased in pigs in pens with metal slats throughout with a small 
plastic solid floor area for piglets.  
 
Given the high susceptibility of piglets to coronary band injuries and sole bruising at 
young ages it is possible that such lesions might be prevented by housing piglets on 
softer flooring for the first week of life. On the other hand this could merely delay 
the onset of bruising and coronary band injury to a later age (KilBride et al., 2009b).  
 
Skin abrasions were the most prevalent limb lesion and they occurred most 
commonly bilaterally on the carpus of the front limbs, as previously reported 
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(Gravås, 1979; Svendsen et al., 1979; Mouttotou and Green, 1999a; Mouttotou et 
al., 1999c; Zoric et al., 2004; Zoric et al., 2008; KilBride et al., 2009b). In the current 
study limb abrasions increased with age, this is in contrast to previous studies 
(Svendsen et al., 1979; Phillips et al., 1996; Mouttotou and Green, 1999b; 
Mouttotou et al., 1999c; Zoric et al., 2004; KilBride et al., 2009b). However, the lack 
of bedding provision and floor types is different from these studies. The unusual 
trend in the current study might also be because any epidermal disruption was 
considered a skin abrasion and the stage of the lesion (i.e. fresh or healing) was not 
recorded. In the current study, there was no association between the prevalence of 
limb abrasions and pen floor type. This agrees with KilBride et al. (2009b) where a 
lower risk of occurrence was only associated with outdoor systems and Mouttotou 
et al. (1999c) and Zoric et al. (2009) where a lower risk of skin abrasions on solid 
concrete floors and with bedding as opposed to pens with slatted floors, which 
included all the farms in the current study. That is, there was insufficient variation in 
floor type to observe a difference in prevalence of limb abrasions. 
 
 In the current study alopecia was more common on front than hind limbs, similar 
to Mouttotou and Green (1999a) and KilBride et al. (2009b), and increased with age. 
One explanation for alopecia is that it is formed from hairless scar tissue after a limb 
abrasion has healed (Wechsler et al., 2000; KilBride, 2008; Zaffino, 2012). Hairless 
patches may also present on piglets as a mild lesion when pen conditions lead to 
less damage to the skin than an abrasion. The former explanation is more likely in 
piglets in the current study. 
 
Overall, in the current study, there was a relatively low prevalence of foot and limb 
swellings (6.8%) when compared with the other lesions observed. The prevalence is 
similar to KilBride et al. (2009b). KilBride et al. (2009b) reported that internal 
pathological damage was often more severe than external injuries suggested and 
internal infection often did not result in noticeable swelling and so swellings may 
underestimate the prevalence of internal infections in the foot and limb. The 
severity of swellings therefore makes them a production and welfare concern 
despite their low prevalence (Penny et al., 1971; Zoric et al., 2004; KilBride et al., 
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2009b). There was an increased risk of foot and limb swellings when sole erosion, 
coronary band injuries or limb abrasions were present. These three lesions 
penetrate the epidermis and so provide an entry site for pathogens which can result 
in infection and associated swellings (Penny et al., 1971; Mouttotou and Green, 
1999a; Straw et al., 2006).  
 
Whilst no one floor type was ideal in the current study, avoiding the use of metal 
slats in both the piglet and sow areas of the farrowing pen could reduce the 
occurrence of coronary band lesions, sole bruising, sole erosion and foot and limb 
swellings. These lesions are associated with the most potential for negative welfare 
impact. Sampling of a range of ages of piglets and observing trends with age 
indicate that for some environments there was a dose effect (time exposed), which 
increases the concern about the damage caused by some environments. There 
were no management variables significantly associated with foot and limb lesions in 
the current study. This is probably due to the lack of variation in management and 
general housing of piglets on commercial pig units in Ireland.  
 
2.6 Conclusions 
The high prevalence of foot and limb lesions in commercial farms in Ireland is a 
substantial welfare concern. Whilst no single floor type in this sample of Irish pig 
farms was consistently associated with low levels of piglet foot and limb lesions, 
metal slats were associated with an increased risk of coronary band injury, sole 
bruising and erosion and these in turn were associated with swellings of foot and 
limb joints. We conclude that avoiding the use of metal slats in both the piglet and 
sow areas of the farrowing pen could reduce the occurrence of these lesions which 
can contribute to infection in foot and limb joints. 
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Chapter 3 
A cross-sectional study on the prevalence and 
risk factors for limb and claw lesions in weaner 
and finisher pigs, and lameness in finisher pigs on 
68 commercial farms in Ireland 
 
3.1 Abstract 
A cross-sectional survey of 68 integrated Irish pig farms was conducted to 
determine the prevalence and risk factors for limb lesions in 3368 weaner and 1289 
finisher pigs and lameness in finisher pigs in Ireland. On each farm 5 pens of 
weaners, one each aged 6, 8, 10, 12, 14 weeks (w) and 2 pens of finishers, one each 
aged 18w and 22w were examined for limb lesions and foot lesions and additionally 
finishers were examined for locomotory ability. Limbs were examined for scratches, 
wounds, swellings, abscesses, calluses, alopecia, bursitis and capped hock, which 
were scored from 0–3 based on severity. Overgrown, broken and fully amputated 
dew claws and toes were also scored as present or absent. Locomotory ability was 
scored from 0 to 5 based on severity. Environmental parameters were recorded for 
each pen examined. A questionnaire was completed on management, health and 
performance factors for each farm. The overall prevalence of each lesion was 
calculated and multilevel mixed effect logistic regression was used to elucidate risk 
factors. The risk of scratches, swellings, bursitis wounds and calluses in weaners 
increased with age when compared with pigs aged 6w. There was a higher risk of 
scratches, wounds and alopecia in pigs in pens with concrete slats and alopecia in 
pigs in pens with metal slats when compared with pigs in pens with plastic slats. The 
risk of scratches in finisher pigs increased with age when pigs aged 18w was 
compared with pigs of 22w. A reduced risk of scratches, wounds, alopecia and 
bursitis was associated with pigs in pens which were partially slatted when 
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compared with fully slatted pens. Pigs that were stocked at 0.84 - 3.04 m2 per pig 
when compared to pigs stocked at 0.35 - 0.7 m2 per pig had a reduced risk of limb 
scratches. The prevalence of lameness in finisher pigs was 32% and the risk of 
lameness increased with age from 18 to 22 weeks. An increased risk was also 
associated with a slat void of greater than 20 mm when compared to less than 20 
mm. These findings have implications for weaner and finisher management because 
weaners and finishers had a high prevalence of a variety of lesions associated with 
age and environment. There was a very high prevalence of lameness in finisher pigs 
which was associated with the width of the slat void and the frequency of pen 
cleaning.  
 
3.2 Introduction 
Lameness, limb and claw lesions are commonly observed in weaner and finisher 
pigs (Mouttotou et al., 1997; Mouttotou et al., 1998;1999b;a;d; Cagienard et al., 
2005; Gillman et al., 2008; KilBride, 2008; KilBride et al., 2008). In severe cases they 
are a health concern and cause of impaired productivity and negatively impact pig 
welfare due to the association with pain and discomfort (Dewey et al., 1993; Kirk et 
al., 2005; Deen et al., 2007; Jensen et al., 2007; Mustonen et al., 2011).  
 
Calluses, bursitis, capped hocks, abrasions and alopecia are the most commonly 
recorded limb lesions in weaner and finisher pigs (Mouttotou et al., 1998;1999b;d; 
Cagienard et al., 2005; Gillman et al., 2008; KilBride et al., 2008; KilBride et al., 
2009a). A callus is hyperkeratinosis of the epidermis in response to frequent contact 
with an abrasive surface, resulting in a thickened protective area (Cagienard et al., 
2005; KilBride, 2008). It commonly occurs at the carpus and tarsus in weaner and 
finisher pigs (Cagienard et al., 2005; KilBride, 2008). KilBride (2008) reported a 
prevalence of calluses of 45.5% in weaner and finisher pigs in England. Cagienard et 
al. (2005) compared pigs housed in high welfare pens and traditional pens and 
reported a prevalence range of 57.4% to 89.2% at the carpus and 42% to 99.3% at 
the tarsus respectively in high welfare and traditional pens respectively. KilBride 
(2008) noted an increased risk of calluses as the depth of bedding reduced.  
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Adventitious bursitis is a fluid filled sac of the subcutaneous connective tissue of the 
limb. Adventitious bursitis, when located on the tarsal joint, is referred to as capped 
hock and bursitis when present elsewhere on the limb (Mouttotou et al., 1999b; 
Gillman et al., 2008). In England, Gillman et al. (2008) and KilBride et al. (2008) 
reported a prevalence of bursitis and capped hock of 40.6% and 17.2% respectively 
in weaner and finisher pigs while Mouttotou et al. (1999b) reported a combined 
bursitis and capped hock prevalence of 63%. Bursitis was more prevalent in the hind 
limbs in both studies. A lower risk of bursitis is associated with the presence of 
bedding and outdoor systems, while wet pen floors are associated with an 
increased risk (Mouttotou et al., 1999b). Concrete pens with sparse bedding are 
associated with an increased risk of capped hock compared with outdoor soil 
systems (KilBride et al., 2008). Other lesions such as abrasions, alopecia, swellings 
and abscesses to the limbs have been investigated to a lesser extent in weaner and 
finisher pigs and risk factors have not yet been elucidated. 
 
Lameness exhibits as an abnormal gait as a result of physical injury or infection in 
the limbs, pelvis or back (Velarde and Geers, 2007). KilBride et al. (2009a) reported 
abnormal gait in 16.9%, 34.3% and 22.3% of finishers housed on partially slatted, 
fully slatted and fully solid flooring with sparse bedding respectively when lameness 
was defined as abnormal gait. Limb pathologies such as osteochondrosis and 
infectious arthritis have previously been linked with lameness (Jensen et al., 2007; 
KilBride et al., 2009a). Physical injury such as claw lesions, joint lesions, muscle or 
tendon damage and bone fractures have also been previously associated  lameness 
(Jensen and Toft, 2009). KilBride et al. (2009a) reported a reduced risk of lameness 
in finisher pigs on solid concrete floors with deep bedding in all areas when 
compared with other indoor floor types. Slatted flooring is a risk factor for lameness 
due to the slat void, the slat edge and the rough surface produced by slat aging as 
these provide areas for potential claw harm (Boon and Wray, 1989; Velarde and 
Geers, 2007; Jensen and Toft, 2009). Furthermore, narrow slates provide a poor 
weight bearing surface for the claw (Mouttotou et al., 1999a). 
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Gillman et al. (2008), KilBride (2008), KilBride et al. (2008) and KilBride et al. (2009a) 
examined the prevalence and risk factors for bursitis, capped hock and calluses only 
in weaner and finishers and lameness in finishers in both indoor and outdoor 
English pig farms. The aims of the current study were to determine the prevalence 
and risk factors for limb lesions in weaner and finisher pigs and lameness in finisher 
pigs on commercial farms in Ireland. This is the first such study in Ireland and the 
largest study to assess weaner and finisher pigs housed entirely indoors in intensive 
production systems. In addition, the current study is the first study of a wider range 
of limb lesions in weaner and finisher pigs.  
 
3.3 Methods 
3.3.1 Farm selection and sample size 
Data were collected as part of a cross-sectional survey as described in Chapter 2. 
 
3.3.2 Measurements  
On each farm 5 pens of weaners, one pen of each aged: 6 weeks (w), 8w, 10w, 12w 
and 14w and 2 pens of finishers, one of 18w and one of 22w were examined in 
total. Pens were randomly selected by assigning a number to each pen of each age 
group then using a random number generator to identify pens for selection. Every 
pig in each selected pen was examined if less than 10 pigs per pen and if greater 
than 10 pigs per pen only 10 were randomly selected and examined (Appendix 1). 
Pigs were randomly selected by firstly walking through the pen to ensure all pigs 
moved from their initial location, then starting at the entrance of the pen going in a 
clockwise direction every 5th pig was marked with a number (from 1-10) using a 
spray colour marker. Lesion definitions are supplied in Appendix 2. 
 
3.3.2.1 Limb lesions  
All four limbs were examined for the lesions; scratches, wounds, swellings, 
abscesses, calluses, alopecia and bursitis, and capped hock in the hind limbs only 
and defined and scored as per KilBride et al. (2009a) (Appendix 3), that is, lesions 
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were scored as area affected from 0–3 where 0 = no lesion, 1 = < 25%, 2 = 25–50%, 
3 = > 50% of the size of the nearest joint on the affected limb.  
 
3.3.2.2 Claw lesions 
Claw lesions were scored as present or absent, only gross claw lesions (overgrown, 
broken and fully amputated dew claws and toes) which were easily observable were 
recorded as the pigs were not restrained (Appendix 3). 
 
3.3.2.3 Locomotory ability 
Locomotory ability was scored in finishers only using the posture and gait 
components of the protocol proposed by Main et al. (2000) (Appendix 4). The 
locomotory ability of the pigs was scored according to severity from 0 (not lame) to 
5 (severely lame) after observing the pigs for 6 consecutive steps (Calderón Díaz et 
al., 2013). A pig was deemed as lame if it received a score of ≥2 (i.e. uneven 
posture, abnormal gait and caudal swagger). Locomotory ability was not assessed in 
weaners because their agility and rapid movements make it too difficult to establish 
accurate results.  
 
 3.3.2.4 Manure on the body  
Manure on the body was recorded for all pigs as per the Welfare Quality 
Consortium (2009) Assessment Protocol for Pigs. It was scored from 0 to 2 as 
follows; 0 = up to 20% of body surface soiled, 1= 20-50% of body surface soiled and 
2 = >50% of body surface soiled. 
 
3.3.2.5 Floor cleanliness score 
The cleanliness of each pen was scored from 0 (clean, dry and no excreta) to 4 
(excreta very wet over 50% coverage) adapted from Hacker et al. (1994) (Appendix 
4). 
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3.3.2.6 Environmental parameters 
Environmental measurements were recorded from the pens in which selected pigs 
were housed similarly to Chapter 2 (Table 3.1). A detailed diagram of each pen was 
also drawn indicating the location of resources (drinker, feeder).  
 
Table 3.1  Environmental measurements for weaner and finisher pigs. 
Pen measurements Unit/categories of measurement 
      
Area  
 
 
Pen m2 
 
Fully slatted  m2 
 
Fully solid  m2 
 
Heat pad  m2 
 
Feeder  m2 
   
Wall composition 
 
 
Material Concrete, plastic, metal, wood, other 
 
Structure  Fully solid, part solid +50%, part solid <50% 
  
Flooring 
 
 
Type  Solid, fully slatted, partially slatted 
 
Material  Concrete, plastic, metal, other 
 Flooring dimensions  Slat width, slat void width, slat void length, 
shape, profile, edge profile, surface texture 
 
 Slopes and steps Present, absent 
 
 Feeders Present, absent 
  
Type 
 
 Drinker Present, absent 
  
Type 
Other 
 
 
Heat pads Present, absent 
 
Environmental enrichment Present, absent 
  Bedding Present, absent 
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3.3.2.7 Management parameters 
A questionnaire was completed as per Chapter 2. It included questions on weaner 
and finisher husbandry and feeding routines, hygiene practices and genetics 
(Appendix 1).  
 
3.3.5 Data analysis 
Data were stored in Microsoft Access 2003. The prevalence of each limb and claw 
lesion for both weaners and finishers and for lameness in finishers only was 
calculated by maximum severity score and presence/absence of each lesion per pig 
using the same method as Chapter 2. The farm prevalence of each lesion and 
lameness was calculated as described in Chapter 2. Data were analysed using MlwiN 
2.27 (Rasbash et al., 2012). Multilevel mixed effect logistic regression using a two 
level random effect model was used to determine risk factors as per Chapter 2. Due 
to the low prevalence of abscesses in weaners (˂1%) and to the high prevalence of 
calluses in finishers (˃99%) logistic regression was not carried out for these lesions. 
Model fit was assessed as per Chapter 2, model fit was acceptable for all models. 
 
3.4 Results 
3.4.1 Farm features 
A total of 3368 weaners and 1289 finishers were examined from 335 weaner pens 
and 132 finisher pens (6w = 67; 8w = 67; 10w = 67; 12w =67; 14w = 67; 18w = 65 
and 22w = 67 pigs) on 68 farms. The overall mean group size was 35.9 (SD ±24.5) for 
weaners and 20.3 (SD ±8.9) for finishers. All weaners were housed indoors in pens 
consisting largely of fully slatted or partially slatted flooring made from a variety of 
materials. Bedding was not provided in any form on any of the farms visited (Table 
3.2). The mean pen area was 13.7 m2 (±10.3) for weaners and 17 m2 (±8.5) for 
finishers. Descriptions and the distribution of the floor characteristics are shown in 
Table 3.2. The mean slat width was 44 mm (±3.7) and the slat void width was 14 
mm (±5) for weaners and the mean slat width was 92 mm (±2.2) and slat void width 
was 20 mm (±4) for finishers. 
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Table 3.2  Distribution of weaner and finisher pigs across the 6 categories of 
flooring type. 
Floor type 
Weaner Finisher 
n % n % 
Fully slatted 2409 71.5 864 67 
Fully solid 60 1.8 0 0.0 
Partially slatted 899 26.7 425 33 
 
 
 3.4.2 Limb lesion prevalence 
The prevalence of scratches, wounds, alopecia, abscesses, swellings, calluses, 
bursitis and capped hock in 3368 weaners was 83%, 20.3%, 31%, 0.5%, 14.7%, 
94.2%, 21.2%, and 3.6% respectively and for 1289 finishers was 80.8%, 25.4%, 
54.6%, 0.8%, 28.9%, 99.5%, 29.6%, and 7.1% respectively (Tables 3.3 and 3.4). The 
prevalence of limb lesions varied between the front and hind limbs and feet (Table 
3.3). The prevalence of limb and foot lesions also varied with age (Table 3.5). 
 
3.4.3 Claw lesion prevalence 
Very low levels of claw lesions were observed in both weaner and finisher pigs. No 
cases of overgrown dew claws, amputated toes, amputated dew claws or 
overgrown dew claws were recorded in weaner pigs. A low prevalence of 
overgrown toes and broken toes were found, 0.2% (n = 8) and 0.1% (n = 4) 
respectively in weaner pigs. No cases of amputated toes were recorded in finisher 
pigs. Amputated dew claws and broken toes and broken dew claws were all 0.08% 
prevalent (n = 1) and overgrown toe was detected in 0.8% (n = 10) pigs.  
 
3.4.4 Lameness prevalence 
The prevalence of lameness in finisher pigs was 32% (417 scored ≥2 for locomotory 
ability). This increased with age with: 27.8% (n = 179) of finishers lame at 18w and 
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36.8% (n = 238) at 22w (Table 3.6). Scores 4 and 5 had a prevalence of 0.3% (n =4) 
and 0.06% (n = 1) respectively.  
 
There was a wide range in the prevalence of lesions in weaners between farms: 
scratches (35-100%), wounds (0-80%), alopecia (0-80%), abscesses (0-8%), swellings 
(0-39.6%), calluses (76-100%), bursitis (0-60%) and capped hock (0-24%). This was 
also the case for the prevalence of lesions on finisher pigs: scratches (10-100%), 
wounds (10-85%), alopecia (0-100%), abscesses (0-10%), swellings (0-75%), calluses 
(90-100%), bursitis (0-100%) and capped hock (0-45%). The prevalence range in 
lameness in finisher pigs between farms was 5 to 75%. 
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Table 3.3  Number (n) and prevalence (%) of weaners with lesions absent (score 0), 
present (score ≥ 1) and scores 1, 2 and 3 for scratches, wounds, swellings, 
abscesses, calluses, alopecia and bursitis and capped hock by front and hind limb. 
    Present Score 1 Score 2 Score 3 
    n % n % n % n % 
Scratch 2796 83.0 2623 77.9 163 4.8 10 0.3 
 
Front limbs 1558 46.3 1509 44.8 44 1.3 5 0.2 
 
Hind limbs 2595 77.1 2462 73.1 128 3.8 5 0.2 
Wound 685 20.3 608 18.1 68 2.0 9 0.3 
 
Front limbs 277 8.2 239 7.1 32 1.0 6 0.2 
 
Hind limbs 496 14.7 456 13.5 37 1.1 3 0.1 
Alopecia 1044 31.0 237 7.0 654 19.4 153 4.5 
 
Front limbs 529 15.7 137 4.1 326 9.7 66 2.0 
 
Hind limbs 603 17.9 129 3.8 390 11.6 84 2.5 
Abscess 15 0.5 1 0.0 6 0.2 8 0.2 
 
Front limbs 8 0.2 0 0.0 1 0.0 7 0.2 
 
Hind limbs 7 0.2 1 0.0 5 0.2 1 0.0 
Swelling 495 14.7 189 5.6 221 6.6 85 2.5 
 
Front limbs 263 7.8 103 3.1 117 3.5 43 1.3 
 
Hind limbs 276 8.2 105 3.1 124 3.7 47 1.4 
Callus 3173 94.2 428 12.7 1739 51.6 1006 29.9 
 
Front limbs 3134 93.1 504 15.0 1792 53.2 838 24.9 
 
Hind limbs 2341 69.5 681 20.2 1268 37.7 392 11.6 
Bursitis 715 21.2 379 11.3 284 8.4 52 1.5 
 
Front limbs 128 3.8 76 2.3 42 1.3 10 0.3 
 
Hind limbs 632 18.8 339 10.1 250 7.4 43 1.3 
Capped hock 120 3.6 98 2.9 20 0.6 2 0.1 
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Table 3.4  Number (n) and prevalence (%) of finishers of absent (score 0), present 
(score ≥ 1), Score 1, 2 and 3 for scratches, wounds, swellings, abscesses, calluses, 
alopecia and bursitis and capped hock by front and hind limb. 
    Present Score 1 Score 2 Score 3 
    n % n % n % n % 
Scratch 1041 80.8 976 75.7 63 4.9 2 0.2 
 
Front limbs 614 47.6 580 45.0 33 2.6 1 0.1 
 
Hind limbs 932 72.3 896 69.5 34 2.6 2 0.2 
Wound 327 25.4 294 22.8 28 2.2 5 0.4 
 
Front limbs 144 11.2 130 10.1 11 0.9 3 0.2 
 
Hind limbs 238 18.5 218 16.9 17 1.3 3 0.2 
Alopecia 704 54.6 107 8.3 402 31.2 195 15.1 
 
Front limbs 553 42.9 81 6.3 323 25.1 149 11.6 
 
Hind limbs 354 27.5 75 5.8 216 16.8 63 4.9 
Abscess 10 0.8 2 0.2 2 0.2 6 0.5 
 
Front limbs 6 0.5 2 0.2 0 0.0 4 0.3 
 
Hind limbs 4 0.3 0 0.0 2 0.2 2 0.2 
Swelling 373 28.9 119 9.2 175 13.6 79 6.1 
 
Front limbs 268 20.8 90 7.0 129 10.0 49 3.8 
 
Hind limbs 182 14.1 54 4.2 87 6.8 41 3.2 
Callus 1282 99.5 12 0.9 436 33.8 834 64.7 
 
Front limbs 1262 97.9 33 2.6 540 41.9 689 53.5 
 
Hind limbs 1251 97.1 78 6.1 672 52.1 501 38.9 
Bursitis 381 29.6 172 13.3 169 13.1 40 3.1 
 
Front limbs 95 7.4 48 3.7 37 2.9 10 0.8 
 
Hind limbs 322 25.0 150 11.6 141 10.9 31 2.4 
Capped hock 92 7.1 82 6.4 7 0.5 3 0.2 
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Table 3.5  Number (n) and prevalence (%) of weaners and finishers by age with wounds, swellings, abscesses, calluses, alopecia and bursitis and 
capped hock. 
  Age Scratch Wound Alopecia Abscess Swelling Callus Bursitis Capped hock 
    n % n % n % n % n % n % n % n % 
Weaner 
                
 
6 w (n = 678) 454 67.0 71 10.5 143 21.1 2 0.3 28 4.1 574 84.7 54 8.0 5 0.7 
8 w (n = 680) 549 80.7 108 15.9 154 22.7 7 0.7 51 7.5 609 89.6 86 12.7 26 3.8 
10 w (n = 670) 598 89.3 152 22.7 200 29.9 4 0.6 103 15.4 665 99.3 163 24.3 19 2.8 
12 w (n = 670) 596 89.0 186 27.8 284 42.4 2 0.3 145 21.6 664 99.1 202 30.2 35 5.2 
14 w (n = 670) 599 89.4 168 25.1 263 39.3 0 0.0 168 25.1 662 98.8 210 31.3 35 5.2 
Finisher 
                
 
18 w (n = 643) 536 83.4 154 24.0 330 51.3 4 0.5 167 26.0 642 99.8 197 30.6 40 6.2 
22 w(n =646) 505 78.2 173 26.8 374 57.9 6 0.8 206 31.9 640 99.1 184 28.5 52 8.1 
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Table 3.6  Number (n) and prevalence (%) of lame finishers recorded as lame (score 
≥ 2) and with scores 0, 1, 2, 3, 4 and 5 for locomotory ability. 
Age Lame Score 0 Score 1 Score 2 Score 3 Score 4 Score 5 
 
n % n % n % n % n % n % n % 
18w 179 28 102 16 362 56 162 25 16 2.5 1 0.2 0 0 
22w 238 37 67 10 341 53 206 32 28 4.3 3 0.5 1 0.2 
 
3.4.5 Risk factors for limb lesions in weaner pigs 
The risk of scratches, swellings and bursitis in weaner pigs increased linearly with 
increasing age when compared with pigs aged 6 weeks (Table 3.7). The risk of 
wounds and calluses also increased with age when compared to pigs aged 6 weeks. 
There was a higher risk of scratches, wounds and alopecia in pigs in pens with 
concrete slats, and alopecia in pigs in pens with metal slats when compared with 
pigs in pens with plastic slats. There were insufficient numbers of pigs affected to 
determine risk factors for abscesses and capped hocks (Table 3.7). From the 
questionnaire, sorting pigs by sex at weaning reduced the risk of scratches (OR 0.36, 
CI 0.18-0.74) and wounds (OR 0.36, CI 0.16-0.85) when compared with pigs that 
were not sorted by sex.  
 
3.4.6 Risk factors for limb lesions in finisher pigs 
The risk of scratches in finisher pigs increased with age when pigs aged 18 weeks 
were compared with pigs aged 22 weeks. A reduced risk of scratches, wounds, 
alopecia and bursitis was associated with pigs in pens which were partially slatted 
when compared to fully slatted pens. There was a reduced risk of scratches to the 
limbs when pigs were stocked at 0.84 to 3.04 m2 per pig compared with pigs 
stocked at between 0.35 to 0.7 m2 per pig (Table 3.8). 
 
3.4.7 Risk factors for lameness in finisher pigs 
The risk of lameness in finisher pigs increased with age from 18 weeks to 22 weeks. 
An increased risk was also associated with a slat void of > 20mm when compared to 
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< 20mm (Table 3.9). From the questionnaire, pigs in pens washed more than 4 times 
a year had a reduced risk of being lame (OR 0.62, CI 0.40-0.98). 
 
3.4.8 Correlations between lesions  
Several weaner and finisher limb lesions were correlated to one another and 
lameness was correlated to several finisher limb lesions (Table 3.10 and 3.11). 
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Table 3.7  Multilevel binomial models of the risks associated with 3368 weaner pigs from 68 farms with scratches, wounds, alopecia, swelling and 
bursitis.  
    Scratch Wound Alopecia Swelling Bursitis 
Intercept coefficient 0.7 -2.2 -1.4 -3.1 -2.4 
                 
  OR CI OR CI OR CI OR CI OR CI 
Age                 
 6w                
 8w 2.15 1.57 2.94 1.55 1.09 2.22 1.42 1.03 1.95 1.88 1.13 3.11 1.67 1.16 2.42 
 10w 5.34 3.47 8.22 1.97 1.32 2.93 1.09 0.77 1.56 4.20 2.64 6.69 3.69 2.62 5.19 
 12w 5.12 3.30 7.97 2.47 1.65 3.69 1.11 0.77 1.60 6.39 3.54 11.55 4.95 3.54 6.94 
 14w 5.76 3.57 9.28 2.02 1.31 3.11 1.43 0.97 2.12 7.74 4.94 12.14 5.24 3.75 7.32 
Slat type                
 Plastic                 
 Concrete 1.54 1.04 2.28 1.49 1.07 2.08 1.72 1.25 2.36       
 Metal 1.04 0.48 2.24 1.05 0.50 2.23 2.44 1.29 4.62       
 Plastic & metal 1.01 0.31 3.33 2.49 0.88 7.04 1.10 0.35 3.45       
                 
Random effects  Var SE  Var SE  Var SE  Var SE  Var SE 
Farm   0.94 0.20  0.79 0.17  1.22 0.24  0.33 0.10  0.46 0.10 
Pen     0.28 0.90  0.17 0.07  0.18 0.06  0.22 0.09  0.05 0.06 
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Table 3.8  Multilevel binomial models of the risks associated with finisher pigs with scratches, wounds, alopecia, abscesses, swellings and bursitis 
and capped hock.  
    Scratch Wound Bursitis 
Intercept coefficient 1.20 -1.10 -0.50 
       
  
OR CI OR CI OR CI 
Age 0.69 0.51 0.95 1.12 0.87 1.50 0.86 0.68 1.10 
Floor type 
         
 
Fully slatted 
         
 
Partially 
slatted 
0.36 0.20 0.65 0.59 0.36 0.95 0.60 0.39 0.93 
Number of pigs/pen 
        
 
7-16 
         
 
17-20 3.11 1.62 5.95 
      
 
21-54 3.16 1.60 6.25 
      
Stocking density(m2/pig) 
       
 
0.35-0.7 
         
 
0.71-0.83 1.67 0.93 2.98 
      
 
0.84-3.04 2.38 1.25 4.54 
      
         
Random effects Var SE 
 
Var SE 
 
Var SE 
 
Farm 1.33 0.31 
 
0.93 0.21 
 
0.71 0.17 
 
Pen     0.07 0.13 
 
0.00 0.00 
 
0.00 0.00   
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Table 3.9  Multilevel binomial models of the risks associated with finisher pigs with 
lameness. 
    Lameness 
Intercept coefficient -1.5 
     
  OR CI 
Age 1.48 1.16 1.87 
Slat width    
 <20 mm    
 20 mm 1.3 0.89 1.92 
 >20 mm 1.7 1.06 2.73 
     
Random effects  Var SE 
Farm  0.25 0.09 
Pen   0.00 0.00 
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Table 3.10  Significant correlations between limb lesions for weaner pigs. 
  Scratch Wound Alopecia Abscess Swelling Callus Bursitis Capped hock 
Scratch 1        
Wound 0.13*** 1       
Alopecia 0.15*** 0.15*** 1      
Abscess 0 0.17*** 0.03 1     
Swelling 0.08*** 0.16*** 0.17*** 0.17*** 1    
Callus 0.15*** 0.13*** 0.14*** 0.011 0.12*** 1   
Bursitis 0.06** 0.06** -0.01 0.04* 0.12*** 0.069*** 1  
Capped hock -0.02 0.03* -0.03 -0.01 0.03* 0.01 0.03 1 
* = <0.05, ** = <0.001, *** = <0.0001      
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Table 3.11  Significant correlations between limb lesions for finisher pigs. 
 
  
Locomotory 
ability Scratch Wound Alopecia Abscess Swelling Callus Bursitis Capped hock 
Locomotory ability 1.00                 
Scratch -0.09** 1.00        
Wound 0.02 0.19*** 1.00       
Alopecia 0.04 0.22*** 0.14*** 1.00      
Abscess 0.12*** -0.04 0.20*** -0.01 1.00     
Swelling 0.16*** 0.00 0.14*** 0.17*** 0.13*** 1.00    
Callus 0.05 0.01 0.02 0.19*** 0.01 0.1** 1.00   
Bursitis 0.01 -0.01 0.04 -0.07** 0.02 0.06* -0.09** 1.00  
Capped hock 0.07* -0.02 0.01 -0.09** 0.04 0.00 0.03 0.02 1.00 
*= <0.05, **=<0.001, ***-<0.0001         
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3.5 Discussion 
This is the first study to examine the prevalence and risk factors for limb lesions in 
weaner and finisher pigs on commercial farms in Ireland and the largest cross-
sectional study to date of indoor housing systems. The information produced by this 
study is valuable to all pig producing countries throughout the world, the majority 
of which use indoor systems without bedding for both weaner and finisher pigs.  
 
In previous literature a broad spectrum of scoring systems have been used and the 
definition of lameness varied greatly therefore variation in lameness levels is to be 
expected (Petersen et al., 2008; KilBride et al., 2009a). In this study the prevalence 
of lameness in finishers was greater than previously recorded and increased with 
age which highlights a severe welfare concern (Petersen et al., 2008; KilBride et al., 
2009a). In the current study however the cut off level for lameness was lower than 
in other studies as in accordance with KilBride (2008) and Calderón Díaz et al. 
(2013). At this point abnormal gait and posture negatively affects the locomotory 
ability of the animal thus, impairing their ability to undertake normal behaviours, 
for domesticated pigs, such as competing for resources and other social interactions 
(KilBride et al., 2009a; Calderón Díaz et al., 2013).  
 
An important factor to consider also is that it is possible that within this and other 
studies lameness may still be underestimated because severely lame pigs (i.e. score 
4 and 5) are often removed from the pen for treatment and isolation and so may 
not be recorded. As there were no soil or bedded underfoot conditions in the pens 
examined, it was expected that higher levels of lameness would be reported when 
compared to alternative housing systems (KilBride et al., 2009a). KilBride et al. 
(2009a) identified slatted unbedded floors as a risk factor for lameness as opposed 
to soil or bedded pens. The width of the slat void was identified as a risk factor for 
lameness in the current study as slat voids that are too wide do not provide 
sufficient support for the claw making it more susceptible to injury (Fritschen, 1979; 
Straw et al., 2006). On farms where pens were washed more frequently there were 
lower levels of lameness. This may be due to a reduction in environmental 
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pathogen levels and therefore a reduction in infection of lesions causes of lameness 
(Heinonen et al., 2006; Cook and Nordlund, 2009).  
 
Similar to KilBride (2008) and Cagienard et al. (2005), calluses were the most 
prevalent limb lesions, for both weaners and finishers in the current study (94.2%, 
99.5%). KilBride (2008) however reported half the level reported by this study and 
Cagienard et al. (2005). This is most likely explained by the different housing 
systems in operation, as there were no outdoor farms or indoor pens with bedding 
sampled in the current study or in the study by Cagienard et al. (2005) dissimilar to 
KilBride (2008).  
 
There is substantial variability in bursitis prevalence in both the literature and this 
study for both weaner and finisher pigs. A study by Savary et al. (2009) reported 
similar levels to the current study (15-30%), while Mouttotou et al. (1999d) 
reported substantially lower levels. Gillman et al. (2008) (40.6%) and Temple et al. 
(2011) (50%) reported higher levels of bursitis in both weaner and finisher age 
groups respectively. Furthermore Mouttotou et al. (1999b) (63%) and Mouttotou et 
al. (1998) (51%) reported higher levels in finisher pigs only, however capped hock 
was included in these values which would be expected to contribute to the higher 
prevalence. Prevalence differences may be a result of differences in the scoring 
systems used; in this study, bursitis was only recorded when an abnormal area was 
manipulated and a fluid filled sac was palpable otherwise this was recorded as a 
swelling, also several studies do not differentiate between bursitis and swellings. In 
agreement with other studies, bursitis was most prevalent in the hind limbs 
(Gillman et al., 2008; Savary et al., 2009). In the current study bursitis increased 
with age in weaner pigs, similarly to findings of Gillman et al. (2008). However 
dissimilarly, in Gillman et al. (2008) the increase in prevalence of bursitis persisted 
in the finisher pigs. Partially slatted flooring as opposed to fully slatted floors was 
associated with a reduced risk of bursitis in finisher pigs similar to Gillman et al. 
(2008); however the reason for this is unknown. Gillman et al. (2008) also reported 
a similar finding for weaner pigs which was not found in the current study.  
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Low levels of capped hock were recorded in weaner pigs in the current study in 
agreement with Mouttotou et al. (1999d). Mouttotou et al. (1998) reported a 
slightly lower prevalence in finisher pigs than in the current study (3.7%), while 
KilBride et al. (2008) reported a much higher prevalence in a cross-sectional study 
of English farms in both weaner and finisher pigs (17%). Data collection methods for 
this lesion differed between the studies. In this study, in a similar method to 
bursitis, capped hock was recorded if a fluid filled sac could be felt on the hock 
while KilBride et al. (2008) included any swelling to the hock which in some 
instances for the lower level scores, pathology revealed as being collagenous 
connective tissue and not capped hock. This could partially explain the prevalence 
variability between the current study and that of KilBride et al. (2008). Due to the 
low prevalence of these lesions in this study no risk factors were identified. 
However as Irish production systems operate indoors, without bedding largely on 
fully slatted floors prevalence would have been expected to be higher. A higher risk 
of capped hock in finisher pigs is associated with floor material (soil/concrete), floor 
type (fully solid/fully slatted) and bedding depth (KilBride et al., 2008). 
 
In the current study scratches were the second most prevalent limb lesion recorded 
in both weaner and finisher pigs with over 80% of pigs affected by this lesion. The 
prevalence of this common lesion has not previously been quantified for these 
groups. Scratches can be an indication of either aggression between pigs or of a 
poor physical environment (Velarde and Geers, 2007). Wounds were less prevalent 
but they are a more severe injury as the epidermis is broken and are often 
associated with more severe pain (Calderón Díaz et al., 2013). Its presence is also 
associated with aggression and the pen environment (Velarde and Geers, 2007). 
Scratches and wounds to the fore quarter of the body are widely associated with 
aggression however limb scratches and wounds have not previously been 
documented (Turner et al., 2006). It is thought that they arise largely due to the 
environment or scrambling behaviour of young pigs. Interestingly, in finishers in the 
current study; as the number of pig per pen increased the risk of scratches 
increased, however, finisher pigs at a lower stocking density had a higher risk of 
scratches. KilBride et al. (2009a) reported similar findings relating to lameness in 
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high stocking densities and they hypothesised that the increased space allowance 
led to increased activity making them more likely to receive injuries. The 
relationship to the number of pigs per pen may be associated with aggression levels 
as previous studies have found aggression is proportionate to group size at mixing 
(Mujuni et al., 1985; Arey and Edwards, 1998; Mills et al., 2010). Both scratches and 
wounds were most prevalent in the hind limbs and their risk increased with age in 
weaners. In weaners, there was a higher risk of wounds in pigs in pens with 
concrete slats compared to plastic slats, indicating that these are linked to the more 
abrasive floor type. Sorting pigs by sex at weaning reduced the risk of both 
scratches and wounds in weaners when compared with pigs in mixed-sex pens. 
Previous studies found that all female pens have less antagonistic behaviours such 
as mounting and nudging behaviours than mixed or entire male pens (Björklund and 
Boyle, 2006; Boyle and Björklund, 2007). Entire male pens however have higher 
levels of some of the antagonistic behaviours such as mounting which could result 
in an increase in injuries (Björklund and Boyle, 2006; Boyle and Björklund, 2007). 
Unfortunately as gender was not recorded in this study, it is possible that on farms 
where pigs were kept in single sex pens, more pens of females than of males were 
recorded which would reflect the finding that sorting pigs by sex at weaning is 
associated with fewer scratches and wounds. In finishers, there was a higher risk of 
both scratches and wounds in pens with fully slatted floors when compared to 
partially slatted floors. This may be related to the establishment of functionally 
distinct zones in partially slatted pens as solid areas encourages the establishment 
of designated lying areas which results in more uninterrupted lying and inactive 
behaviour in a distinct areas away from areas of competition for desired resources 
(feed, water, environmental enrichment) thus, making them less likely to be 
interrupted (stood upon or encourage aggression) (Boyle et al., 2012; Levis et al., 
2013). 
 
The prevalence of alopecia in weaner and finisher pigs was previously not 
documented. While this lesion was highly prevalent in both weaner (31%) and 
finisher (55%) pigs, it is regarded as superficial. Nevertheless it may be used as an 
indicator of historical injuries or identify areas of the limb which are frequently 
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exposed to abrasion such as the carpus and the flank in older pigs (Wechsler et al., 
2000; KilBride, 2008; Zaffino, 2012). Therefore alopecia may be used as a long term 
indicator of welfare. A higher risk was associated with concrete flooring in weaner 
pens as opposed to plastic which may indicate its association with healed lesions 
(scratches and wounds) or its association with more highly abrasive concrete floors. 
Indeed Savary et al. (2009) found a reduced likelihood of alopecia when pigs were 
housed on straw as opposed to concrete. The increase with age in weaners may be 
related to longer lying times as weight increased and ultimately an increase in 
pressure on contact points of the limb with increasing body weight (Ekkel et al., 
2003; KilBride, 2008).  
 
This is the first cross-sectional study to date to determine the prevalence of limb 
swellings in weaner and finisher pigs. The few studies which have record swellings, 
recorded hock swellings solely, one of which also included bursitis within the 
category of swellings (Mouttotou et al., 1999b; Cagienard et al., 2005). Limb 
swellings can reduce pig welfare due to triggering an inflammatory response which 
is associated with pain. Inflammation can also alter nutrient utilisation in the body 
which can result in the energy required for growth being diverted to the energy 
requirements of the immune response system (Wilson et al., 2010; Wilson and 
Ward, 2012). Importantly, swellings increased with age in weaner pigs in the current 
study. Similarly to the association of alopecia and age, this may too be explained by 
the associated increase in time spent lying with age and additional increase in 
pressure on contact points of the limb with increasing body weight (Ekkel et al., 
2003; KilBride, 2008). 
 
In the current study correlations between locomotory ability and limb and claw 
lesions were found. In finishers there was a negative association between scratches 
and locomotory ability. This may be a result of reduced activity as a result of 
impaired locomotive ability (Kestin et al., 1992; Weeks et al., 2000; Anil et al., 2009) 
which may subsequently reduce interaction with the environment and other pigs 
such that the risk of receiving scratches is reduced. A positive correlation with 
increasing locomotory ability score and abscess and swellings was found. Both 
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abscesses and swellings to the limbs are painful injuries which can impair 
locomotion (Jensen et al., 2007). A study by Nielsen et al. (2001) supports this link 
as swellings were observed in 62% of lame pigs and in only 18% of non-lame pigs. 
Wounds were also positively correlated with abscesses and swellings in weaners 
and finishers. As wounds penetrate the epidermis they provide an entry site for 
pathogens which can lead to infection, which may result in swelling and 
abscessation (Penny et al., 1971). Alopecia was positively correlated to scratches 
and wounds for both weaners and finishers, Alopecia commonly occurs in areas 
which were previously occupied by lesions or an area of frequent abrasion (Velarde 
and Geers, 2007). The prevalence of scratches and wounds was high throughout all 
age ranges. It is likely that these lesions heal over time and new ones appear and 
alopecia may remain in areas where there was a scratch or wound. Calluses and 
bursitis were also positively associated with swellings. As swellings tend to be 
painful they may increase the pigs time spent lying down increasing the risk of these 
injuries, as calluses and bursitis are linked to contact with hard floors (Mills et al., 
2010).  
 
3.6 Conclusions 
There was a high prevalence of a variety of limb lesions in weaners and finishers. 
The most prevalent lesions were mild. Lesions were associated with age and the 
environment. Age of the pig influenced the prevalence of lesions in weaners 
(scratches, wounds, alopecia, swellings, calluses and bursitis) and finishers 
(scratches) as well as floor material (scratch wound and alopecia) in weaners and 
proportion of the floor slatted in finishers (bursitis scratches and wounds). Very 
high levels of lameness in finisher pigs were found which is affected by the width of 
the slat void and the frequency of pen cleaning. This high level of lameness is a 
welfare concern as lameness is associated with pain. 
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Chapter 4 
A cross-sectional study of the prevalence and risk 
factors for limb, claw and body lesions and 
lameness in gilts and breeding sows on 68 
commercial farms in Ireland 
4.1 Abstract 
A cross-sectional survey of 68 integrated pig farms was conducted to determine the 
prevalence and risk factors for limb lesions in 525 replacement gilts, 518 pregnant 
gilts, 604 pregnant sows and 544 lactating sows and lameness in replacement gilts, 
gestating gilts and pregnant sows in Ireland. On each farm 1 pen of replacement 
gilts, 1 pen or 10 individual stalls of pregnant gilts, 1 pen or 10 individual stalls of 
pregnant sows and 8 lactating sows in farrowing crates, were examined for body 
lesions, limb lesions, claw lesions and all with the exception of lactating sows were 
examined for locomotory ability. Limbs were examined for scratches, wounds, 
swellings, abscesses, calluses, alopecia, bursitis and capped hock, which were 
scored from 0–3 based on severity. Overgrown, broken and fully amputated dew 
claws and toes were also scored as present or absent. Body lesions were examined 
at the ear, shoulder, flank, hind-quarter, anogenital, tail and vulva and scored from 
0-6 based on severity. Locomotory ability was scored from 0 to 5 based on severity. 
Environmental parameters were recorded for each pen examined. An interview 
questionnaire was completed by the farmer on management, health and 
performance factors for each farm. The overall prevalence of each lesion was 
calculated and multilevel mixed effect logistic regression model was used to 
elucidate risk factors. Lameness prevalence was 38.9% (scored ≥2 for locomotory 
ability) in replacement gilts, 41.1% in pregnant gilts and 41.7% in pregnant sows. 
There was an increased risk of lameness in pregnant gilts and sows housed in 
groups compared with in individual stalls (OR 3.66, CI 1.23-3.66), pregnant gilts and 
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sows had a lameness prevalence of 48.1% in groups and 30.4% in individual stalls. 
There was an increased risk of swellings in replacement gilts separated from 
terminal stock at >90kg compared with those separated at <50 kg (OR 3.1; CI 1.6, 
7.7). There was a reduced risk of lesions on the shoulder, flank and hindquarter in 
replacement gilts at low stocking densities (2.1-5.2 m2/pig) and an increased risk of 
anogenital lesions in replacement gilts in pens with partially slatted floors when 
compared to fully slatted floors (OR 2.02; CI 1.08, 3.78). There was an increased risk 
of lesions at the ear (OR 4.83; CI 1.53, 15.23), shoulder (OR 10.29; CI 4.15, 25.53), 
middle (OR 5.50, CI 2.92-10.36), hindquarter (OR 6.30; CI 3.34, 11.87) and 
anogenital (OR 4.94; CI 1.22, 20.00) regions in group housed pregnant gilts when 
compared with individually housed pregnant gilts (OR 3.66, CI 1.23, 2.12). There was 
an increased risk of scratches to the limbs (OR 2.15; CI 1.25, 3.69) and a reduced risk 
of overgrown toes (OR 0.29; CI 0.14, 0.61) in pregnant gilts and sows in groups 
when compared with animals in individual stalls. The percentage of lactating sows 
unable to stand was 1.2% (n = 8); a further 3.5% (n = 19) had difficulty rising. There 
was an reduced risk of lesions on the hindquarters and the time since the sow 
farrowed and a reduced risk of alopecia on the flank and capped hock with 
farrowing crate area. These findings have implications for replacement gilt, 
pregnant gilt, pregnant sow and lactating sow management and welfare. 
 
4.2 Introduction 
Sow longevity is a key component of an efficient and profitable pig farming 
enterprise. However disorders of the locomotory system are a key contributor to 
premature culling, with 11% of sows culled for issues relating to limb health (Dewey 
et al., 1993). Lameness, claw and body lesions are commonly occurring 
abnormalities relating to limb health in both gilts and sows (D'Allaire et al., 1987; 
Lucia et al., 2000; Leeb et al., 2001; Deen et al., 2007; KilBride et al., 2009a; Pluym 
et al., 2011; Calderón Díaz et al., 2013). These injuries are associated with a direct 
reduction in sow performance and welfare and also act as an indicator for reduced 
production and welfare (Deen et al., 2007; Velarde and Geers, 2007).  
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Lameness in gilts and sows is a major health problem on commercial pig farms 
(Deen et al., 2007). The prevalence of lameness in pregnant sows was reported as 5 
to 17% in England, 6 to 10% in Belgium and 8.8% in Finland in group housing 
systems (Heinonen et al., 2006; KilBride et al., 2009a; Pluym et al., 2011; Pluym et 
al., 2013a; Willgert et al., 2014). Housing system is one of the major factors 
influencing lameness in sows. It was expected that the EC Directive 2008/120/EC 
would result in increased lameness levels as Calderón Díaz et al. (2013) reported 
that group housed sow were more lame than individually stalled sows. Other risk 
factors identified for lameness include: slatted flooring, group size, stocking density, 
genetics and parity (Boon and Wray, 1989; Straw et al., 2006; Velarde and Geers, 
2007; Jensen and Toft, 2009).  
 
A high proportion of sows have at least one claw lesion (99%) although only 9.7% of 
affected animals are lame (Pluym et al., 2011). Risk factors for claw lesions include 
pen design, flooring type, gestation housing type and management (Kroneman et 
al., 1993; Gjein and Larssen, 1994; KilBride et al., 2009a; Calderón Díaz et al., 2013). 
The use of fully or partially slatted flooring is coupled with an increase in claw 
lesions as slats that are too narrow do not provide sufficient support for the hoof 
structure (Fritschen, 1979; Gjein and Larssen, 1994). Gestation housing type 
influences claw lesion prevalence, with claw lesions of various types being more 
prevalent in group housed herds (96% of sows affected) than in herds where sows 
are confined (80% of sows affected), on partially slatted flooring (Gjein and Larssen, 
1994).  
 
Limb lesions in gilts and sows have been investigated to a lesser extent than in 
piglets, weaners and finishers (Mouttotou et al., 1997; Mouttotou et al., 
1998;1999a;d;b; Cagienard et al., 2005; Gillman et al., 2008; KilBride et al., 2008). 
The lesions previously examined include calluses, bursitis, capped hock, swellings 
and wounds (Boyle et al., 1999; KilBride et al., 2009a; Calderón Díaz et al., 2013; 
Calderón Díaz et al., 2014). KilBride et al. (2009a) reported a wide range of lesion 
prevalence of calluses (30-80%), bursitis (32-37%) and capped hock (32-57%) 
between replacement gilts, pregnant gilts, pregnant sows and lactating sows. Risk 
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factors for limb lesions include flooring, pen design and housing system (grouped or 
stalled) (Boyd et al., 2002; KilBride et al., 2009a; Calderón Díaz et al., 2013). Several 
studies linked lesions such as wounds, swellings, calluses, capped hock and bursitis 
to lameness (Smith, 1988; Bonde et al., 2004; KilBride et al., 2009a; Calderón Díaz et 
al., 2013). This link is multidirectional as painful injuries may result in an alteration 
to locomotion or lameness may result in increased lying behaviour thus, increased 
contact time with flooring and a rise in associated limb lesions (Bonde et al., 2004; 
KilBride et al., 2009a; Calderón Díaz et al., 2013).  
 
Lesions to the body arise due to social interactions or environmental interactions 
and can be used as indicators of aggression and harsh pen environments (Gjein and 
Larssen, 1995; Velarde and Geers, 2007). Socially they can arise as a result of 
aggressive behaviour due to establishing social ranking such as the mixing of 
unfamiliar pigs or aggressive interactions at feeding events (Gjein and Larssen, 
1995; Pajor, 2002). Lesions to the front (head, ears and shoulder) of the body arise 
due to social ranking aggression and lesions to the hind of the body are associated 
with feeding aggression (Luescher et al., 1990; Geverink et al., 1996; Leeb et al., 
2001; Velarde and Geers, 2007). Body lesion prevalence varies with location and 
housing system. These lesions, depending on severity, may result in pain to the 
animal and also act as indicator of stress (Velarde and Geers, 2007). The prevalence 
of body lesions varies greatly between farms and groups (pregnant or lactating 
sows) (Boyle et al., 1999). Pen design, pen areas and group size are known to 
influence the prevalence and severity of body lesions (Leeb et al., 2001).  
 
While lameness is the second most important contributor to involuntary culling on 
Irish pig farms (Boyle et al., 1998), the prevalence and risk factors of lameness in 
replacement gilts and pregnant gilts and sows has not yet been determined. 
Lameness and leg problems are expected to escalate as a result of the change from 
individual stalls to group housing in the EU, particularly in countries where the use 
of fully slatted flooring predominates, such as in Ireland. The aims of the current 
study were two fold, to determine the prevalence and risk factors for limb lesions, 
claw lesions, and body lesions in replacement gilts, pregnant gilts, pregnant sows 
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and lactating sows and secondly lameness in replacement gilts, pregnant gilts, 
pregnant sows, on commercial farms in Ireland. This study will provide the first 
information on the possible effects of the transition to group housing on pregnant 
gilt and sow limb health and the first to provide information on a wider catalogue of 
limb lesions affecting breeding female pigs.  
 
4.3 Methods 
4.3.1 Farm selection and sample size 
Data were collected as part of a cross-sectional survey as described in Chapter 2.  
 
4.3.2 Measurements  
On each farm 1 pen of replacement gilts, 1 pen or 10 individual stalls of pregnant 
gilts, 1 pen or 10 individual stalls of pregnant sows and 8 lactating sows (2 each 
farrowed; 3–7 days (d), 8–14d, 15–21d and 22–28d) in farrowing crates were 
examined in total. If in gestation stalls or farrowing crates 10 gilts or sows in 
stalls/crates were randomly selected and examined. If in group pens of ≤ 10 pigs per 
pen all pigs were examined and if > 10 pigs per pen 10 were randomly selected and 
examined (Appendix 1).  
 
4.3.2.1 Limb lesions  
All four limbs were examined for the following lesions: scratches, wounds, 
swellings, abscesses, calluses, alopecia, alopecia flank and bursitis. Capped hock was 
scored in the hind limbs only. All limb lesions were defined and scored as per 
KilBride et al. (2009a) as described in Chapter 3, that is, lesions were scored as area 
affected from 0–3 where 0 = no lesion, 1 = < 25%, 2 = 25–50%, 3 = > 50% of the size 
of the nearest joint on the affected limb.  
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4.3.2.2 Claw lesions 
Claw lesions (overgrown, broken and amputated toes and dew claws) were scored 
as present or absent as per Chapter 3, only gross claw lesions which were easily 
observable were recorded as the pigs were not restrained. 
 
4.3.2.3 Body lesions 
Body lesions were examined at the ear, shoulder, flank, hindquarter, anogenital, tail 
and vulva region and scored from 0 (no lesion) to 6 (>1 extensive lesion) based on 
severity as per O'Driscoll et al. (2013) (Appendix 4). 
 
4.3.2.4 Body condition score  
The body condition of gilts and sows was scored from 1 (visually thin) to 5 
(excessively fat) according to the DEFRA guidelines for the condition scoring of pigs 
(Appendix 3). 
 
4.3.2.5 Locomotory ability 
Locomotory ability was scored from 0 to 5 in replacement gilts, pregnant gilts and 
pregnant sows using the posture and gait components of the protocol proposed by 
Main et al. (2000) as per Chapter 3. A pig was deemed as lame if it received a score 
of ≥2 (i.e. uneven posture, abnormal gait and caudal swagger).  
 
4.3.2.6 Ability to stand 
The ability of lactating sows to stand up was assessed in the farrowing crate and 
scored from 0 to 3: 0 = Already standing; 1 = stands within 60 seconds of 
encouragement (applied back pressure) to stand, 2 = stands after over 60 seconds 
of encouragement and 3 = will not stand.  
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 4.3.2.7 Manure on the body  
Manure on the body was scored from 0 to 2 for all pigs as per the Welfare Quality 
consortium assessment protocol for pigs (Welfare Quality Consortium, 2009) and as 
described in Chapter 3.  
 
4.3.2.8 Floor cleanliness score 
The cleanliness of each pen was scored from 0 to 4, adapted from Hacker et al. 
(1994) and as described in Chapter 3. 
 
4.3.2.9 Environmental parameters 
Environmental measurements of the pens/stalls/crates in which selected pigs were 
housed were recorded as described in Chapter 3 for replacement gilts and pregnant 
gilts and sows as described in Chapter 2 for lactating sows. A detailed diagram of 
each pen was also drawn indicating the location of resources (drinker, feeder).  
 
4.3.2.10 Management parameters 
A survey questionnaire was delivered as per Chapter 2. It included questions on gilt 
and sow management practices and feeding routines, vaccinations, hygiene 
practices and genetics.  
 
4.3.5 Data analysis 
Data were stored in Microsoft Access 2003. The prevalence of each limb and claw 
lesion for each group was calculated using maximum severity score and 
presence/absence of each lesion per pig as in Chapter 2. The farm prevalence of 
each lesion and lameness was calculated as described in Chapter 2. Data were 
analysed using MlwiN 2.27 (Rasbash et al., 2012). A two level or three level mixed 
effect logistic regression model was used to determine risk factors as per Chapter 2. 
Model fit was assessed as per Chapter 2, with model fit acceptable for all models. 
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4.4 Results 
In total 525 replacement gilts, 518 pregnant gilts, 604 pregnant sows and 544 
lactating sows were inspected on 68 farms. Of the 68 farms visited, 4 did not 
produce their own replacement gilts and so replacement gilts were not inspected 
on these farms. Pen floor characteristics for replacement gilts, pregnant gilt, 
pregnant sows and lactating sows varied between farms and between groups within 
farms. The distribution of the floor characteristics are shown in Table 4.1. 
 
Table 4.1. Distribution of floor type (fully slatted, partially slatted or solid floors) for 
replacement gilts, pregnant gilts, pregnant sows and lactating sows. 
Floor type 
Replacement gilt Pregnant gilt Pregnant sow Lactating sow 
n % n % n % n % 
Fully slatted 251 47.8 284 54.8 245 40.6 190 34.9 
Partially slatted 238 45.3 230 44.4 359 59.4 338 62.1 
Fully solid 36 6.9 4 0.8 0 0 16 3.0 
 
 
4.4.1 Replacement gilts 
4.4.1.1 Farm features 
A total of 525 replacement gilts were examined from 64 pens on 64 farms (with a 
mean body condition score of 2.29 (SD ±0.5). The median group size was 10 (IQR 8-
13). All replacement gilts were housed indoors in pens largely consisting of fully 
slatted or partially slatted floors (Table 4.1), all slats were made of concrete and any 
solid areas were made from concrete, plastic or metal. The distribution of the floor 
materials are shown in Table 4.2. The mean pen area was 17.11 m2 (±13.0). The 
mean slat width was 95 mm (±26) and mean slat void was 20 mm (±3.1). Bedding 
was not provided on any of the farms visited. 
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Table 4.2. Distribution of replacement gilts by floor characteristics. 
Floor type n % 
Slatted concrete only 263 50.1 
Solid concrete only 15 2.9 
Slatted concrete, solid concrete 192 36.5 
Slatted concrete, solid other (plastic, metal) 55 10.5 
 
4.4.1.2 Limb lesion prevalence 
The prevalence of scratches, wounds, alopecia, alopecia on the flank, abscesses, 
swellings, calluses, bursitis and capped hock in 525 replacement gilts was 78.1%, 
34.7%, 47.8%, 16.8%, 0.19%, 30.3%, 100%, 25.0%, and 11.6% respectively (Table 
4.3). The prevalence of limb lesions varied between the front and hind limbs (Table 
4.3). There was a wide range in the prevalence of lesions between farms: scratches 
(0-100%), wounds (0-80%), alopecia (0-100%), alopecia flank (0-80%), swellings (0-
60%), calluses (80-100%), bursitis (0-90%) and capped hock (0-25%). 
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Table 4.3. Number (n) and prevalence (%) of replacement gilts with lesions present 
(score ≥ 1) and scores 1, 2 and 3 for scratches, wounds, alopecia, alopecia flank, 
swellings, abscesses, calluses and bursitis and capped hock overall and by front and 
hind limb. 
Lesion Type 
Present Score 1 Score 2 Score 3 
n % n % n % n % 
Scratch 410 78.1 369 70.3 39 7.4 2 0.4 
 
Front 248 47.2 221 42.1 25 4.8 2 0.4 
 
Hind 359 68.4 338 64.4 21 4.0 0 0.0 
Wound 182 34.7 146 27.8 35 6.7 1 0.2 
 
Front 89 17.0 72 13.7 16 3.1 1 0.2 
 
Hind 133 25.3 111 21.1 22 4.2 0 0.0 
Alopecia 251 47.8 39 7.4 137 26.1 75 14.3 
 
Front 204 38.9 34 6.5 119 22.7 51 9.7 
 
Hind 150 28.6 26 5.0 91 17.3 33 6.3 
Alopecia flank 88 16.8 20 3.8 54 10.3 14 2.7 
 
Front 88 16.8 20 3.8 54 10.3 14 2.7 
Abscess 2 0.4 1 0.2 1 0.2 0 0.0 
 
Front 1 0.2 1 0.2 0 0.0 0 0.0 
 
Hind 1 0.2 0 0.0 1 0.2 0 0.0 
Swelling 159 30.3 72 13.7 75 14.3 12 2.3 
 
Front 99 18.9 47 9.0 48 9.1 4 0.8 
 
Hind 79 15.1 35 6.7 35 6.7 9 1.7 
Callus 525 100.0 4 0.8 169 32.2 352 67.1 
 
Front 519 98.9 17 3.2 210 40.0 292 55.6 
 
Hind 514 97.9 22 4.2 265 50.5 227 43.2 
Bursitis 131 25.0 64 12.2 57 10.9 10 1.9 
 
Front 38 7.2 27 5.1 10 1.9 1 0.2 
 
Hind 105 20.0 49 9.3 47 9.0 9 1.7 
Capped hock 61 11.6 53 10.1 8 1.5 0 0.0 
  Hind 58 11.1 50 9.5 8 1.5 0 0.0 
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4.4.1.3 Claw lesion prevalence 
Very low levels of claw lesions were observed in replacement gilts (Table 4.4). There 
were 3.1% of replacement gilts with at least one overgrown dew claw and 1.7% of 
replacement gilts with at least one overgrown toe. Low percentages of broken dew 
claws and toes were observed: 0.6% and 0.2%. No cases of amputated dew claws or 
toes were recorded. 
 
Table 4.4 Number (n) and prevalence (%) of replacement gilts, pregnant gilts, 
pregnant sows and lactating sows with lesions present for broken dew claw, broken 
toe, amputated dew claw, amputated toe, overgrown dew claw and overgrown toe. 
Lesion Type 
Replacement 
gilts 
Pregnant 
gilts 
Pregnant 
sows 
Lactating 
sows 
n % n % n % n % 
Broken dew claw 3 0.6 12 2.3 74 12.3 130 23.9 
 
Front 3 0.6 5 1.0 13 2.2 28 5.2 
 
Hind 1 0.2 8 1.5 68 11.3 112 20.6 
Broken toe 1 0.2 7 1.4 9 1.5 19 3.5 
 
Front 1 0.2 1 0.2 2 0.3 2 0.4 
 
Hind 1 0.2 6 1.2 7 1.2 17 3.1 
Amputated dew 
claw 0 0.0 6 1.2 8 1.3 3 0.6 
 
Front 0 0.0 0 0.0 0 0.0 0 0.0 
 
Hind 0 0.0 6 1.2 8 1.3 3 0.6 
Amputated toe 0 0.0 0 0.0 3 0.5 3 0.6 
 
Front 0 0.0 0 0.0 1 0.2 1 0.2 
 
Hind 0 0.0 0 0.0 2 0.3 2 0.4 
Overgrown dew 
claw 9 1.7 29 5.6 146 24.2 135 24.8 
 
Front 6 1.1 12 2.3 57 9.4 58 10.7 
 
Hind 9 1.7 23 4.4 128 21.2 108 19.9 
Overgrown toe 16 3.1 80 15.4 187 31.0 183 33.6 
 
Front 8 1.5 29 5.6 37 6.1 66 12.1 
  Hind 16 3.1 66 12.7 173 28.6 164 30.2 
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4.4.1.4 Body lesion prevalence  
The prevalence of body lesions at the ear, shoulder, flank, hindquarter, anogenital, 
tail and vulva in 525 replacement gilts was 94.3%, 83.8%, 78.5%, 76.8%, 44.0%, 
34.3% and 11.6%, respectively (Table 4.5).  
 
 
Table 4.5 Number (n) and prevalence (%) of replacement gilts with body lesions 
present (score ≥ 1) and scores 1, 2, 3 and ≥4 to the ear, shoulder, flank, hindquarter, 
anogenital, tail and vulva region. 
  Present Score 1 Score 2 Score 3 Score ≥4 
Body location n % n % n % n % n % 
Ear 495 94.3 128 24.4 307 58.5 57 10.9 3 0.6 
Shoulder 440 83.8 105 20.0 256 48.8 74 14.1 5 1.0 
Flank 412 78.5 124 23.6 243 46.3 44 8.4 1 0.2 
Hind quarter 403 76.8 142 27.1 230 43.8 31 5.9 0 0.0 
Anogenital 231 44.0 132 25.1 95 18.1 4 0.8 0 0.0 
Tail 180 34.3 128 24.4 42 8.0 7 1.3 3 0.6 
Vulva 61 11.6 46 8.8 12 2.3 0 0.0 3 0.6 
 
 
4.4.1.5 Lameness prevalence 
The prevalence of lameness (score ≥2) in replacement gilts was 38.9% (204 scored 
≥2 for locomotory ability). Scores ≥3 had a prevalence of 4.95% (n = 26). The 
prevalence range in lameness between farms was 0 to 100% of replacement gilts 
(Table 4.6). 
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Table 4.6. Number (n) and prevalence (%) of locomotory ability scores (0-5) and 
lameness (Score ≥2) in replacement gilts, pregnan gilts and pregnant sows. 
Group 
Score 0 Score 1 Lame(≥2) Score 2 Score 3 Score 4+ 
n % n % n % n % n % n % 
Replacement 
gilts 42 8.0 279 53.1 204 38.9 178 33.9 25 4.8 1 0.2 
Pregnant Gilts 37 7.1 268 51.7 213 41.1 189 36.5 23 4.4 1 0.2 
Pregnant sows 47 7.8 305 50.5 252 41.7 224 37.1 25 4.1 3 0.5 
 
 
4.4.1.6 Risk factors for lameness, limb, claw and body lesions  
No environmental risk factors were identified for lameness in replacement gilts. 
There was an increased risk of limb swellings in replacement gilts that were 
separated from terminal stock when they reached weights of >90kg when 
compared with replacement gilts separated from terminal stock when they weighed 
less than 50 kg (OR 3.1; CI 1.6, 7.7). Due to the low prevalence of claw lesions it was 
not possible to assess risk factors in replacement gilts. There was a lower risk of 
body lesions on the shoulder, flank and tail in replacement gilts kept at low stocking 
densities (2.1-5.2 m2/pig). There was also a higher risk of anogenital lesions in 
replacement gilts in pens with partially slatted floors when compared to fully slatted 
floors (Table 4.7).  
 
4.4.1.7 Correlations between lesions  
Several limb lesions were correlated to one another other and with lameness in 
replacement gilts (Table 4.8). 
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Table 4.7. Multilevel binomial mixed effect models of the risks associated with replacement gilts for body lesions of the shoulder, flank, tail and 
anogenital. 
    Shoulder Flank Tail Anogenital 
Intercept coefficient 3.01 2.50 1.60 -0.63 
              
  
OR CI OR CI OR CI OR CI 
Stocking density area per pig 
            
 
<1m2 
            
 
1-1.4 m2 0.27 0.05 1.43 1.05 0.06 17.77 0.36 0.15 0.90 
   
 
1.41-1.7 m2 0.25 0.04 1.75 1.04 0.03 33.03 0.55 0.18 1.73 
   
 
1.71-2 m2 0.20 0.03 1.18 1.03 0.10 10.72 0.32 0.11 0.91 
   
 
2.1-5.2 m2 0.13 0.02 0.68 1.02 0.26 3.97 0.30 0.13 0.69 
   
Floor type 
            
 
partially slatted, yes versus no 
         
2.02 1.08 3.78 
              
Random effects 
 
Var SE 
 
Var SE 
 
Var SE 
 
Var SE 
Farm                     1.6 0.45   0.8 0.28   0.85 0.27   0.96 0.26 
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Table 4.8. Significant correlations between lameness and limb lesions for replacement gilts. 
  Lameness Scratch Wound Alopecia Alopecia flank Swelling Callus Bursitis Capped hock 
Lameness 1         
Scratch 0.02 1        
Wound -0.04 0.15** 1       
Alopecia 0.04 0.23*** 0.31*** 1      
Alopecia flank 0.09* 0.05 0.05 0.18*** 1     
Swelling 0.06 0.02 0.04 0.01 -0.09* 1    
Callus 0.05 0.01 0.06 0.23*** 0.16** -0.04 1   
Bursitis -0.03 -0.01 0.09 -0.05 -0.01 0.01 -0.11* 1  
Capped hock -0.04 -0.06 0.00 0.06 0.02 -0.04 -0.08 0.01 1 
* = <0.05, ** = <0.001, *** = <0.0001  
     
 89 
 
4.4.2 Pregnant gilts and sows  
4.4.2.1 Farm features 
A total of 518 pregnant gilts were examined; 337 group housed gilts from 48 pens 
and 181 gilts kept in individual stalls on 68 farms with a mean body condition score 
of 2.7 (SD ±0.8). A total of 604 pregnant sows were examined; 364 from 44 pens 
and 240 from individual stalls on 68 farms, with a mean body condition score of 2.7 
(SD ±0.7) respectively. Group housed pregnant gilts and sows were housed in four 
housing system types as seen in Figure 4.1 and as described in Tables 4.9. The 
distribution of pregnant gilts and sows amongst housing system are described in 
Table 4.10. There was a median group size of 7 (IQR 6-11) for pregnant gilts group 
housed in long trough pens, short feeder pens and free access stall pens and 80 
(IQR 25-100) in electronic sow feeder (ESF) pens (Table 4.11). The mean group size 
for pregnant sows was 10.5 (IQR 6-12) in long trough pens, short feeder pens and 
free access stall pens and 170 (IQR 100-180) in ESF pens.  
 
All group housed pregnant gilts and sows were housed indoors in pens consisting of 
fully slatted or partially slatted floors, all slats were concrete and solid areas were 
largely concrete or plastic, bedding was not provided in any form (Table 4.9). The 
mean pen area was 17.8 m2 (±8.54) for pregnant gilts group housed in long trough 
pens, small feeder pens and free access stall pens. The mean pen area was 164.4 m2 
(SD ±45.65) for pregnant gilts in ESF pens. For pregnant sows group housed in long 
trough pens, small feeder pens and free access stall pens the mean pen area was 
22.3 m2 (SD ±10.48). The mean pen area was 352 m2 (SD ±106.75) for pregnant 
sows in ESF pens. The mean slat width was 101.9 mm (±25) and mean slat void was 
20 mm (±2.3) in group housed pregnant gilt pens and mean slat width was 103.9 
mm (±27) and mean slat void was 20.9 mm (±3.4) in pregnant sow pens.  
 
All pregnant gilts and sows housed in gestation stalls were housed on fully slatted or 
partially slatted floors, all slats and solid areas were concrete, bedding was not 
provided in any form (Table 4.9). The mean individual stall area was 1.28 m2 (±0.21) 
for pregnant gilts and 1.30 m2 (SD ±0.26) for pregnant sows. In pregnant gilt pens, 
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the mean slat width was 90.3 mm (±31.6) and the mean slat void was 20.8 mm 
(±3.7). In pregnant sow pens the mean slat width was 93.4 mm (±28.3) and the 
mean slat void was 21.3 mm (±3.7) in pregnant sows in gestation stalls. 
 
Table 4.9. Group housing systems used for pregnant gilts and sows. 
Type Description (Group size range in this study) 
Long trough Unobstructed pen area with a long trough feeder (2-19) 
Short feeder Unobstructed pen area with a single or a double pig space feeder (2-21) 
Free access 
stall 
A pen containing partial or full length stalls for each pig at the feeder 
on one or both sides of the pen with a common open space (4-20) 
Electronic 
sow feeder 
Large groups, sows fed individually by an electronic sow feeder using 
electronic tags (17-206) 
 
 
Table 4.10. Distribution of group housed pregnant gilts and sows by floor 
charateristics. 
Floor type Pregnant gilts Pregnant sows 
  n % n % 
Slatted concrete only 204 60.5 141 38.7 
Slatted concrete, solid concrete 126 37.4 215 59.1 
Slatted concrete, solid other (plastic, metal) 7 2.1 8 2.2 
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Figure 4.1 Group housing systems used for pregnant gilts and sows; a) long trough 
system; b) short feeder system, c) free access stall system and d) electronic sow 
feeding system. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
A 
C 
B 
D 
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Table 4.11. Distribution of pregnant gilts and sows in each of the group housing. 
    Pregnant gilt Pregnant sow 
    n % n % 
Group housed 337 65.1 364 60.3 
      
 
Long trough 156 46.3 145 39.8 
 
Short feeder 52 15.4 38 10.4 
 
Free access stalls 69 20.5 111 30.5 
 
Electronic sow feeder 60 17.8 70 19.2 
      
 
Fully slatted 200 59.4 141 38.7 
 
Partial slatted 133 39.5 223 61.3 
 
Fully solid 4 1.2 0 0.0 
      Individual stalls 181 34.9 240 39.7 
      
 
Fully slatted 84 46.4 104 43.3 
  Partial slatted 97 53.6 136 56.7 
 
4.4.2.2 Limb lesion prevalence 
The prevalence of scratches, wounds, alopecia, alopecia flank, abscesses, swellings, 
calluses, bursitis and capped hock in 518 pregnant gilts was 62.7%, 28.8%, 48.7%, 
27.6%, 0.2%, 20.2%, 99.8%, 19.3%, and 12.7% respectively (Table 4.12). There was a 
wide range in the prevalence of pregnant gilt limb lesions between farms: scratches 
(0-100%), wounds (0-100%), alopecia (0-100%), abscesses (0-90%), swellings (0-
75%), calluses (60-100%), bursitis (0-100%) and capped hock (0-100%). The 
prevalence of limb lesions varied between group and gestation stall housing 
systems (Table 4.12).  
 
The prevalence of scratches, wounds, alopecia, abscesses, swellings, calluses, 
bursitis and capped hock in 604 pregnant sows was 63.4%, 37.3%, 51.7%, 45.7%, 
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3.3%, 30.1%, 99.2%, 21.9%, and 15.4% respectively (Table 4.13). There was a wide 
range in the prevalence of pregnant sow limb lesions between farms: scratches (10-
100%), wounds (0-100%), alopecia (0-100%), abscesses (20-0%), swellings (0-100%), 
calluses (80-100%), bursitis (0-100%) and capped hock (0-87.5%). The prevalence of 
limb lesions also varied between group and gestation stall housing systems (Table 
4.13).  
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Table 4.12. Number (n) and prevalence (%) of pregnant gilts with lesions present 
(score ≥ 1) and scores 1, 2 and 3 for scratches, wounds, alopecia, alopecia flank, 
swellings, abscesses, calluses and bursitis and capped hock overall and by front and 
hind limb. 
Lesion type 
Present Score 1 Score 2 Score 3 
n % n % n % n % 
Scratch 325 62.7 277 53.5 43 8.3 5 1.0 
 
Individual stall 87 48.1 75 41.4 8 4.4 4 2.2 
 
Group housed 238 70.6 202 59.9 35 10.4 1 0.3 
Wound 149 28.8 122 23.6 26 5.0 1 0.2 
 
Individual stall 42 23.2 37 20.4 5 2.8 0 0.0 
 
Group housed 107 31.8 85 25.2 21 6.2 1 0.3 
Alopecia 252 48.7 27 5.2 135 26.1 90 17.4 
 
Individual stall 99 54.7 9 5.0 63 34.8 27 14.9 
 
Group housed 153 45.4 18 5.3 72 21.4 63 18.7 
Alopecia flank 143 27.6 26 5.0 78 15.1 39 7.5 
 
Individual stall 52 28.7 14 7.7 24 13.3 14 7.7 
 
Group housed 91 27.0 12 3.6 54 16.0 25 7.4 
Abscess 1 0.2 0 0.0 1 0.2 0 0.0 
 
Individual stall 0 0.0 0 0.0 0 0.0 0 0.0 
 
Group housed 1 0.3 0 0.0 1 0.3 0 0.0 
Swelling 115 22.2 45 8.7 55 10.6 15 2.9 
 
Individual stall 30 16.6 11 6.1 16 8.8 3 1.7 
 
Group housed 85 25.2 34 10.1 39 11.6 12 3.6 
Callus 517 99.8 1 0.2 137 26.5 379 73.2 
 
Individual stall 181 100 1 0.6 69 38.1 111 61.3 
 
Group housed 336 99.7 0 0.0 68 20.2 268 79.5 
Bursitis 100 19.3 58 11.2 37 7.1 5 1.0 
 
Individual stall 41 22.7 24 13.3 13 7.2 4 2.2 
 
Group housed 59 17.5 34 10.1 24 7.1 1 0.3 
Capped hock 66 12.7 60 11.6 6 1.2 0 0.0 
 
Individual stall 22 12.2 20 11.1 2 1.1 0 0.0 
  Group housed 44 13.1 40 11.9 4 1.2 0 0.0 
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Table 4.13. Number (n) and prevalence (%) of pregnant sows with lesions present 
(score ≥ 1) and scores 1, 2 and 3 for scratches, wounds, alopecia, alopecia flank, 
swellings, abscesses, calluses and bursitis and capped hock overall and by front and 
hind limb. 
Lesion Type 
Present Score 1 Score 2 Score 3 
n % n % n % n % 
Scratch 419 69.4 365 60.4 48 8.0 6 1.0 
 
Individual stall 150 62.5 127 52.9 18 7.5 5 2.1 
 
Group housed 269 73.9 238 65.4 30 8.2 1 0.3 
Wound 225 37.3 168 27.8 47 7.8 10 1.7 
 
Individual stall 75 31.3 48 20.0 22 9.2 5 2.1 
 
Group housed 150 41.2 120 33.0 25 6.9 5 1.4 
Alopecia 312 51.7 25 4.1 146 24.2 141 23.3 
 
Individual stall 143 59.6 9 3.8 62 25.8 72 30.0 
 
Group housed 169 46.4 16 4.4 84 23.1 69 19.0 
Alopecia flank 276 45.7 19 3.2 134 22.2 123 20.4 
 
Individual stall 127 52.9 9 3.8 50 20.8 68 28.3 
 
Group housed 149 40.9 10 2.8 84 23.1 55 15.1 
Abscess 20 3.3 0 0.0 3 0.5 17 2.8 
 
Individual stall 7 2.9 0 0.0 1 0.4 6 2.5 
 
Group housed 13 3.6 0 0.0 2 0.6 11 3.0 
Swelling 182 30.1 51 8.4 83 13.7 48 8.0 
 
Individual stall 62 25.8 14 5.8 27 11.3 21 8.8 
 
Group housed 120 33.0 37 10.2 56 15.4 27 7.4 
Callus 599 99.2 0 0.0 83 13.7 516 85.4 
 
Individual stall 240 100.0 0 0.0 27 11.3 213 88.8 
 
Group housed 359 98.6 0 0.0 56 15.4 303 83.2 
Bursitis 132 21.9 66 10.9 50 8.3 16 2.7 
 
Individual stall 48 20.0 26 10.8 18 7.5 4 1.7 
 
Group housed 84 23.1 40 11.0 32 8.8 12 3.3 
Capped hock 93 15.4 77 12.8 16 2.7 0 0.0 
 
Individual stall 39 16.3 34 14.2 5 2.1 0 0.0 
  Group housed 54 14.8 43 11.8 11 3.0 0 0.0 
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4.4.2.3 Claw lesion prevalence 
 There were 5.6% pregnant gilts with at least one overgrown dew claw and 15.5% of 
pregnant gilts with at least one overgrown toe. There were 1.2% pregnant gilts with 
at least one amputated dew claw, 1.4% of pregnant gilts with at least one broken 
toe and 2.3% of pregnant gilts with at least one broken dew claw (Table 4.4). No 
cases of amputated toes were recorded. In pregnant sows, overgrown dew claws 
and toes were prevalent at 24.2% and 31.0% respectively. Amputated dew claws, 
amputated toes, broken toes and broken dew claws were 1.3%, 0.5%, 1.5% and 
12.25% prevalent (Table 4.4). The range of claw lesion prevalence across farms in 
pregnant gilts varied for broken dew claws (0-33.3%), broken toes (0-20%), 
amputated dew claws (0-20%), overgrown dew claws (0-100%) and overgrown main 
claws (0-90%). The range of claw lesion prevalence across farms in pregnant sows 
varied for broken dew claws (0-60%), broken toes (0-20%), amputated dew claws 
(0-20%), amputated toes (0-14.3%), overgrown dew claws (0-100%) and overgrown 
toes (0-100%). The prevalence of claw lesions varied between housing systems for 
both pregnant gilts and sows (Table 4.14).  
 
4.4.2.4 Body lesion prevalence  
The prevalence of body lesions at the ear, shoulder, flank, hindquarter, anogenital, 
tail and vulva in 518 pregnant gilts was 82.8%, 71.8%, 65.1%, 65.7%, 31.7%, 26.1% 
and 7.5% respectively (Table 4.15). The prevalence of body lesions at the ear, 
shoulder, flank, hindquarter, anogenital, tail and vulva in 604 pregnant sows was 
85.6%, 75.0%, 70.4%, 66.6%, 34.3%, 28.3% and 12.6% respectively (Table 4.16). The 
prevalence of body lesions was higher in group housed gilts and sows for all areas of 
the body when compared to gestation stalls (Table 4.15 and 4.16). 
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Table 4.14. Number (n) and prevalence (%) of pregnant gilts and pregnant sows in 
group housing or individual stalls with lesions present for broken dew claw, broken 
toe, amputated dew. 
    Pregnant gilt Pregnant sow 
  
Individual stall Group housing Individual stall Group housing 
    n % n % n % n % 
Broken dew 
claw 2 1.1 10 3.0 42 17.5 32 8.8 
 
Front 0 0.0 5 1.5 4 1.7 9 2.5 
 
Hind 2 1.1 6 1.8 40 16.7 28 7.7 
Broken toe 2 1.1 5 1.5 6 2.5 3 0.8 
 
Front 1 0.6 0 0.0 1 0.4 1 0.3 
 
Hind 1 0.6 5 1.5 5 2.1 2 0.6 
Amputated dew 
claw 0 0.0 6 1.8 2 0.8 6 1.7 
 
Front 0 0.0 0 0.0 0 0.0 0 0.0 
 
Hind 0 0.0 6 1.8 2 0.8 6 1.7 
Amputated toe 0 0.0 0 0.0 1 0.4 2 0.6 
 
Front 0 0.0 0 0.0 0 0.0 1 0.3 
 
Hind 0 0.0 0 0.0 1 0.4 1 0.3 
Overgrown dew 
claw 7 3.9 22 6.5 83 34.6 63 17.3 
 
Front 4 2.2 8 2.4 24 10.0 33 9.1 
 
Hind 3 1.7 20 5.9 83 34.6 45 12.4 
Overgrown toe 40 22.1 40 11.9 121 50.4 66 18.1 
 
Front 6 3.3 23 6.8 14 5.8 23 6.3 
  Hind 36 19.9 30 8.9 119 49.6 54 14.8 
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Table 4.15. Number (n) and prevalence (%) of pregnant gilts with body lesions 
present (score ≥ 1) and scores 1, 2, 3 and ≥4 to the ear, shoulder, flank, hindquarter, 
anogenital, tail and vulva region overall and in group housing or individual stalls. 
Lesion type 
Present Score 1 Score 2 Score ≥3 
n % n % n % n % 
Ear 429 82.8 140 27.0 256 49.4 33 6.4 
 
Individual stall 117 64.6 55 30.4 55 30.4 7 3.9 
 
Group housed 312 92.6 85 25.2 201 59.6 26 7.7 
Shoulder 372 71.8 107 20.7 220 42.5 45 8.7 
 
Individual stall 80 44.2 40 22.1 34 18.8 6 3.3 
 
Group housed 292 86.7 67 19.9 186 55.2 39 11.6 
Flank 337 65.1 120 23.2 182 35.1 35 6.8 
 
Individual stall 72 39.8 44 24.3 24 13.3 4 2.2 
 
Group housed 265 78.6 76 22.6 158 46.9 31 9.2 
Hindquarter 340 65.6 125 24.1 175 33.8 40 7.7 
 
Individual stall 71 39.2 37 20.4 25 13.8 9 5.0 
 
Group housed 269 79.8 88 26.1 150 44.5 31 9.2 
Anogenital 164 31.7 93 18.0 67 12.9 4 0.8 
 
Individual stall 23 12.7 17 9.4 6 3.3 0 0.0 
 
Group housed 141 41.8 76 22.6 61 18.1 4 1.2 
Tail 135 26.1 95 18.3 36 7.0 4 0.8 
 
Individual stall 35 19.3 26 14.4 9 5.0 0 0.0 
 
Group housed 100 29.7 69 20.5 27 8.0 4 1.2 
Vulva 39 7.5 33 6.4 5 1.0 1 0.2 
 
Individual stall 10 5.5 9 5.0 0 0.0 1 0.6 
  Group housed 29 8.6 24 7.1 5 1.5 0 0.0 
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Table 4.16. Number (n) and prevalence (%) of pregnant sows with body lesions 
present (score ≥ 1) and scores 1, 2, 3 and ≥4 to the ear, shoulder, flank, hindquarter, 
anogenital, tail and vulva region overall and in group housing or individual stalls. 
    Present Score 1 Score 2 Score ≥3 
    n % n % n % n % 
Ear 518 85.8 201 33.3 289 47.9 28 4.7 
 
Individual stall 183 76.3 88 36.7 90 37.5 5 2.1 
 
Group housed 335 92.0 113 31.0 199 54.7 23 6.3 
Shoulder 453 75.0 105 17.4 253 41.9 95 15.7 
 
Individual stall 115 47.9 41 17.1 48 20.0 26 10.9 
 
Group housed 338 92.9 64 17.6 205 56.3 69 19.0 
Flank 425 70.4 115 19.0 250 41.4 60 9.9 
 
Individual stall 117 48.8 49 20.4 60 25.0 8 3.3 
 
Group housed 308 84.6 66 18.1 190 52.2 52 14.3 
Hindquarter 402 66.6 132 21.9 211 34.9 59 9.8 
 
Individual stall 101 42.1 48 20.0 47 19.6 6 2.5 
 
Group housed 301 82.7 84 23.1 164 45.1 53 14.6 
Anogenital 207 34.3 124 20.5 75 12.4 8 1.3 
 
Individual stall 45 18.8 33 13.8 11 4.6 1 0.4 
 
Group housed 162 44.5 91 25.0 64 17.6 7 1.9 
Tail 171 28.3 124 20.5 43 7.1 4 0.7 
 
Individual stall 58 24.2 43 17.9 14 5.8 1 0.4 
 
Group housed 113 31.0 81 22.3 29 8.0 3 0.8 
Vulva 76 12.6 45 7.5 16 2.7 15 2.5 
 
Individual stall 17 7.1 15 6.3 2 0.8 0 0.0 
  Group housed 59 16.2 30 8.2 14 3.9 15 4.1 
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4.4.2.5 Lameness prevalence 
The prevalence of lameness in pregnant gilts was 41.1% with 213 animals scored ≥2 
for locomotory ability (Table 4.6). Scores 4 and 5 both had a prevalence of 0.2%. (n 
= 1). The prevalence of lameness in pregnant sows was 41.7% with 252 sows scored 
≥2 for locomotory ability (Table 4.6). Scores 4 and 5 had a combined prevalence of 
0.5%. (n = 3). Prevalence of lameness varied between housing system, pregnant gilts 
and sows in group housed systems had a lameness prevalence of 48.1% (n = 
337/701) while in individual stalls lameness prevalence was 30.4% (128/421). The 
prevalence range in lameness between farms was 0 to 100% for both pregnant gilts 
and sows. 
 
4.4.2.6 Risk factors for lameness, limb, claw  and body lesions 
There was an increased risk of lameness in group housing systems when compared 
with individual stalls for pregnant gilts and sows (OR 3.66; CI 1.23, 3.66). No risk 
factors for lameness in pregnant gilts and sows in individual stalls were found. The 
use of one genetic companies maternal line reduced the risk of lameness in gilts and 
sows in group housed systems compared with the only other genetic company 
observed in this study (OR 0.38; CI 0.19, 0.74). No other risk factors were identified. 
 
There was a higher risk of lesions to the body at the ear (OR 4.83; CI 1.53, 15.23), 
shoulder (OR 10.29; CI 4.15,25.53), flank (OR 5.50; CI 2.92, 10.36), hindquarter (OR 
6.30; CI 3.34, 11.87) and anogenital (OR 4.94; CI 1.22, 20.00) regions in sows and 
gilts in group housing systems when compared with individual stalls (OR 3.66; CI 
1.23, 2.12). In individual stalls only, pregnant sows had a lower risk of tail lesions 
(OR 0.22; 0.11, 0.44) and a higher risk of vulvar lesions (OR 5.98; 2.87, 12.46) than 
pregnant gilts. In group housed system pregnant sows had a higher risk of lesions to 
the ear, shoulder flank and hindquarter than pregnant gilts (Table 4.17). In group 
housing systems there was a reduced risk of having lesions to the flank and 
hindquarter when pigs were in housed in group sizes 60-206 when compared with 
pigs housed in groups < 8 (Table 4.17). There was also a reduced risk of having 
lesions to the ear when pigs were housed in pens >25m2 when compared to pigs 
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housed with smaller pen areas (<15m2) (Table 4.17). There was an increased risk of 
shoulder lesions when concrete walls were used in the pen compared with other 
wall materials (Table 17). 
 
There was an increased risk of scratches to the limbs (OR 2.15; CI 1.25, 3.69) in 
pregnant gilts and sows in group housing systems compared with individual stalls. In 
both individual stalls (OR 3.53; CI 2.21, 5.65) and group housing (OR 2.03; CI 1.45, 
2.85) pregnant sows had a higher risk of having alopecia of the flank than pregnant 
gilts. In sows kept in individual stalls there was a higher risk of bursitis (OR 2.29; CI 
1.06, 4.96) when there was partially slatted flooring beneath the crate compared 
with fully slatted flooring only. In group housed pregnant sows, there was a higher 
risk of bursitis in sows than gilts (Table 4.18). There was also a higher risk of having 
scratches and wounds on the limbs in ESF group systems compared with long 
trough systems and a lower risk of alopecia when plastic walls were used in the pen 
(Table 4.18). There was a lower risk of capped hock in group housed systems when 
the pen floor was partially slatted when compared to pens that were entirely 
slatted (Table 4.18). 
 
There was a reduced risk of overgrown toes (OR 0.29; CI 0.14, 0.61) in pregnant gilts 
and sows housed in groups compared with individual stalls. In individual stalls, 
pregnant sows had a higher risk of having overgrown toes (OR 4.45; CI 2.65, 7.46), 
overgrown dew claws (OR 18.49, CI 7.54, 45.33) and broken dew claws (OR 17.55; CI 
4.23, 72.87) than pregnant gilts. In group housing, pregnant sows also had a higher 
risk of having overgrown toes (OR 1.84; CI 1.02, 3.31), overgrown dew claws 
(OR3.53; CI 1.02, 3.31) and broken dew claws (OR 2.75; CI 1.32, 5.75) than pregnant 
gilts.  
 
4.4.2.7 Correlations between lesions  
Several limb and claw lesions were correlated to one another other and lameness in 
pregnant gilts and sows (Table 4.19). 
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Table 4.17. Multilevel binomial models of the risks associated with group housed pregnant gilts and sows from for body lesions of the shoulder, 
flank, tail and anogenital. 
    Ear Shoulder Flank Hindquarter 
Intercept 
coefficient 
-1.38 -1.10 1.02 1.11 
              
  
OR CI OR CI OR CI OR CI 
Pregnant gilt 
            Pregnant sow 1.02 0.45 2.33 2.22 1.16 4.24 1.54 0.85 2.79 1.11 0.64 1.94 
              
Pen area 
            
 
<15m2 
         
   
 
15-25m2 0.53 0.17 1.60 
      
   
 
>25m2 0.29 0.09 0.97 
      
   
 
 
         
   
Number/group 
         
   
 
<8 
         
   
 
8-25 
      
1.41 0.76 2.62 1.41 0.76 2.63 
 
26-206 
      
0.34 0.12 0.92 0.28 0.10 0.80 
 
          
   Concrete wall 
   
2.69 1.28 5.66 
   
                 Random effects 
 
Var SE 
 
Var SE 
 
Var SE 
 
Var SE 
Farm 
  
0.00 0.00 
 
0.32 0.40 
 
0.00 0.00 
 
0.16 0.29 
Pen     1.58 0.53   0.71 0.47   0.96 0.28   0.76 0.37 
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Table 4.18. Multilevel binomial models of the risks associated with group housed pregnant gilts and sows for the limb lesions; scratches, 
wounds, alopecia, alopecia flank, bursitis and capped hock. 
    Scratch Wound Alopecia Alopecia flank Bursitis 
Capped 
hock 
Intercept 
coefficient 
0.45 -1.33 0.59 -1.00 -1.60 -1.50 
 
  
OR CI OR CI OR CI OR CI OR CI OR CI 
Pregnant gilt 
                  
Pregnant sow 1.10 0.76 1.60 1.34 0.95 1.90 1.07 0.76 1.50 2.03 1.45 2.85 1.55 1.04 2.31 1.43 0.72 2.82 
                    Feeder        
 Long trough 
         
   
   
   
 Short feeder 1.51 0.72 3.16 1.65 0.79 3.44 
   
   
   
   
 
Free access 
stalls 2.73 1.48 5.03 2.52 1.43 4.44 
   
   
   
   
 ESF 3.71 1.62 8.50 3.46 1.64 7.28 
            
 
                   
Flooring 
               
   
 
Fully slatted 
              
   
 
Partially slatted 
              
0.28 0.14 0.57 
 
                   
Plastic wall 
      
2.03 1.45 2.85    
   
   
                    
Random effects 
 
Var SE 
 
Var SE 
 
Var SE 
 
Var SE 
 
Var SE 
 
Var SE 
Farm 
  
0.49 0.21 
 
0.47 0.19 
 
1.53 0.38 
 
1.00 0.27 
 
1.34 0.34 
 
0.81 0.33 
Pen     0.04 0.16   0.04 0.14   0.00 0.00   0.00 0.00  0.00 0.00   0.02 0.24 
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Table 4.19. Significant correlations between lameness and limb lesions for pregnant gilts and sows. 
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Lameness 1              
  
Scratch 0.02 1     
 
       
  
Wound 0.02 0.27*** 1    
 
       
  
Alopecia 0.01 0.23*** 0.14*** 1          
  
Alopecia flank 0.03 0.04 0.05 0.18** 1          
  
Abscess 0.10** 0.01 0.11** 0.02 0.01 1         
  
Swelling 0.05 0.10** 0.15*** 0.22** 0.00 0.24*** 1        
  
Callus 0.06 0.05 0.06 0.08* 0.20*** 0.01 0.03 1       
  
Bursitis 0.00 0.04 0.09* -0.01 0.00 0.01 0.10** -0.11** 1      
  
Capped hock 0.00 -0.03 -0.02 -0.1** -0.01 -0.01 -0.05 -0.02 0.07* 1     
  
Broken dew claw 0.02 -0.03 0.05 0.04 0.11** 0.05 0.08* 0.03 0.00 0.01 1    
  
Broken toe 0.00 -0.04 0.05 0.04 0.12 -0.02 0.00 0.04 -0.01 -0.01 0.19*** 1     
Amputated dew 
claw 
0.09 -0.01 0.05 0.04 -0.06* -0.02 0.05* 0.04 0.05* -0.02 0.09* 0.12*** 1 
   
Amputated toe 0.07* 0.02 0.03 0.02 -0.01 -0.01 0.01 0.00 -0.02 -0.02 0.05 -0.01 -0.01 1 
 
 
Overgrown dew 
claw 
-0.04 0.06 0.03 0.08* 0.15*** 0.05 0.11** 0.11** -0.01 0.03 0.22** 0.13*** 0.04 0.02 1 
 
Overgrown toe -0.05 -0.10** 0.07* 0.00 0.20*** 0.00 0.00 0.07* -0.04 -0.04 0.19*** 0.13*** 0.07* 0.01 0.40*** 1 
* = <0.05, ** = <0.001, *** = <0.0001 
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4.4.3 Lactating sows  
4.4.3.1 Farm features 
A total of 544 lactating sows were examined on 68 farms (farrowed 3-7 d [n = 136], 
8-14d [n = 136], 15-21d [n = 136] and 22-28d [n = 136]), with a mean body condition 
score of 2.7 (SD ±0.7). All lactating sows were housed indoors in steel farrowing 
crates with mainly fully slatted or partially slatted floors under the crate made from 
concrete or metal. Bedding was not provided. The mean crate area was 1.24 m2 
(±0.20). The mean slat dimensions for the slat positioned below the sow were; slat 
width 13.7 mm (±1.03) and slat void 10.8 mm (±2.3). 
 
4.4.3.2 Limb lesion prevalence 
The prevalence of scratches, wounds, alopecia, alopecia flank, abscesses, swellings, 
calluses, bursitis and capped hock in 544 lactating sows was 27.0%, 42.1%, 57.0%, 
38.6%, 2.9%, 29.4%, 99.8%, 25.7% and 22.4% respectively (Table 4.20). There was a 
wide range in the prevalence of lesions between farms: scratches (0-87.5%), 
wounds (0-87.5%), alopecia (0-100%), alopecia flank (0-87.5%), abscesses (0-25%), 
swellings (0-87.5%), calluses (87.5-100%), bursitis (0-75%) and capped hock (0-
100%). The prevalence of limb lesions varied between the front and hind limbs 
(Table 4.20). 
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Table 4.20. Number (n) and prevalence (%) of lactating sows with lesions present 
(score ≥ 1) and scores 1, 2 and 3 for scratches, wounds, alopecia, alopecia flank, 
swellings, abscesses, calluses, bursitis and capped hock overall and by front and 
hind limb. 
Lesion type 
Present Score 1 Score 2 Score 3 
n % n % n % n % 
Scratch 147 27.0 138 25.4 8 1.5 1 0.2 
 
Front 94 17.3 89 16.4 4 0.7 1 0.2 
 
Hind 78 14.3 74 13.6 4 0.7 0 0.0 
Wound 229 42.1 149 27.4 69 12.7 11 2.0 
 
Front 149 27.4 109 20.0 32 5.9 8 1.5 
 
Hind 134 24.6 85 15.6 45 8.3 4 0.7 
Alopecia 310 57.0 34 6.3 141 25.9 135 24.8 
 
Front 293 53.9 28 5.2 139 25.6 126 23.2 
 
Hind 77 14.2 19 3.5 37 6.8 21 3.9 
Alopecia 
flank 
210 38.6 20 3.7 103 18.9 87 16.0 
 
Front 210 38.6 20 3.7 103 18.9 87 16.0 
Abscess 16 2.9 2 0.4 3 0.6 11 2.0 
 
Front 14 2.6 1 0.2 3 0.6 10 1.8 
 
Hind 3 0.6 1 0.2 1 0.2 1 0.2 
Swelling 160 29.4 35 6.4 75 13.8 50 9.2 
 
Front 122 22.4 30 5.5 52 9.6 40 7.4 
 
Hind 62 11.4 14 2.6 33 6.1 15 2.8 
Callus 543 99.8 0 0.0 69 12.7 474 87.1 
 
Front 542 99.6 3 0.6 122 22.4 417 76.7 
 
Hind 536 98.5 7 1.3 156 28.7 373 68.6 
Bursitis 140 25.7 70 12.9 59 10.9 11 2.0 
 
Front 71 13.1 39 7.2 24 4.4 8 1.5 
 
Hind 88 16.2 45 8.3 39 7.2 4 0.7 
Capped hock 122 22.4 91 16.7 27 5.0 4 0.7 
  Hind 122 22.4 91 16.7 27 5.0 4 0.7 
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4.4.3.3 Claw lesion prevalence 
There were 24.8% pregnant sows with at least one overgrown dew claw and 33.7% 
of pregnant sows with at least one overgrown toe. There were 0.6% pregnant sows 
with at least one amputated dew claw, 0.6% pregnant sows with at least one 
amputated toe, 3.5% of pregnant sows with at least one broken toe and 23.9% of 
pregnant sows with at least one broken dew claw (Table 4.4). 
 
4.4.3.4 Body lesion prevalence  
The prevalence of body lesions at the ear, shoulder, flank, hindquarter, anogenital, 
tail and vulva in 544 lactating sows was 46.7%, 37.3%, 18.4%, 14.2%, 5.3%, 5.7% and 
3.1% respectively (Table 4.21).  
 
Table 4.21. Number (n) and prevalence (%) of lactating sows with body lesions 
present (score ≥ 1) and scores 1, 2, 3 and ≥4 to the ear, shoulder, flank, hindquarter, 
anogenital, tail and vulva region. 
Lesion 
location 
Present Score 1 Score 2 Score 3 Score 4+ 
n % n % n % n % n % 
Ear 254 46.7 165 30.3 86 15.8 3 0.6 0 0.0 
Shoulder 203 37.3 73 13.4 62 11.4 33 6.1 35 6.4 
Flank 100 18.4 63 11.6 34 6.3 2 0.4 1 0.2 
Hindquarter 77 14.2 47 8.6 25 4.6 3 0.6 2 0.4 
Anogenital 29 5.3 18 3.3 9 1.7 2 0.4 0 0.0 
Tail 31 5.7 23 4.2 6 1.1 2 0.4 0 0.0 
Vulva 17 3.1 14 2.6 3 0.6 0 0.0 0 0.0 
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4.4.3.5 Ability to stand 
The prevalence of lactating sows which would not stand up, were slow to stand, 
were fast to stand and were already standing were 1.2% (n = 8), 3.5% (n = 19), 
65.6% (n = 357) and 29.4% (n = 160) respectively. If categories 1 and 2 are combined 
the range in farm prevalence was 0-25%.  
 
4.4.3.6 Risk factors for lameness, limb, claw and body lesions 
No environmental or management risk factors were identified for ability to stand 
and claw lesions in lactating sows. There was a reduced risk of lesions to the 
hindquarter of the body and the time since the sow farrowed (Table 4.22). There 
was a reduced risk of alopecia on the flank with higher farrowing crate area (>1.2 
m2) and a reduced risk of capped hock (>1.34 m2) when compared to lower 
farrowing crate areas (<1.19 m2) (Table 2.22).  
 
4.4.3.7 Correlations between lesions  
Several limb and claw lesions were correlated to one another other and lameness in 
lactating sows (Table 4.23). 
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Table 4.22. Multilevel binomial models of the risks associated with lactating sows sows for body lesions of the hindquarter and the limb lesions 
scratch, alopecia flank and capped hock. 
    Hindquarter Limb scratch Alopecia flank Capped hock 
Intercept coefficient -1.18 0.70 0.14 -0.93 
              
  
OR CI OR CI OR CI OR CI 
Days post farrowing 
            
 
d 3-7 
            
 
d 8–14 0.50 0.26 0.94 0.73 0.43 1.23 0.98 0.59 1.62 1.23 0.69 2.21 
 
d 15–21 0.38 0.19 0.76 0.70 0.41 1.19 0.87 0.53 1.45 1.00 0.55 1.84 
 
d 22–28 0.34 0.17 0.69 0.57 0.33 0.99 0.79 0.47 1.30 0.70 0.37 1.33 
  
         
   
Crate area 
            
 
<1.19 m2 
            
 
1.2-1.34 m2 
      
0.51 0.29 0.91 0.59 0.34 1.04 
 
1.34-1.94 m2 
      
0.39 0.21 0.71 0.39 0.21 0.73 
              
Random effects 
 
Var SE 
 
Var SE 
 
Var SE 
 
Var SE 
Farm     0.06 0.19   0.95 0.27   0.77 0.23   0.25 0.18 
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Table 4.23. Significant correlations between lameness limb and claw lesions for lactating sows sows. 
  
St
an
d
in
g 
ab
ili
ty
 
Sc
ra
tc
h
 
W
o
u
n
d
 
A
lo
p
ec
ia
 
A
lo
p
ec
ia
 f
la
n
k 
A
b
sc
es
s 
sw
el
lin
g 
C
al
lu
s 
B
u
rs
it
is
 
C
ap
p
ed
 h
o
ck
 
B
ro
ke
n
 D
ew
 
cl
aw
 
B
ro
ke
n
 t
o
e 
A
m
p
u
ta
te
d
 
d
ew
 c
la
w
 
A
m
p
u
ta
te
d
 t
o
e 
O
ve
rg
ro
w
n
 
d
ew
 c
la
w
 
O
ve
rg
ro
w
n
 t
o
e 
Standing 
ability 
1 
               
Scratch 0.03 1               
Wound 0.02 0.10* 1              
Alopecia -0.02 0.13** 0.31*** 1             
Alopecia flank -0.04 -0.02 0.08 0.24*** 1            
Abscess 0.06 -0.06 1.6 0.04 0.04 1           
Swelling 0.00 0.09* 0.36*** 0.27*** 0.05 0.25*** 1          
Callus -0.04 0.03 0.095* 0.20*** 0.22** 0.06 0.08 1         
Bursitis 0.01 0.01 0.06 -0.05 0.04 -0.02 0.07 0.06 1        
Capped hock 0.03 0.06 0.07 0.03 0.04 -0.02 0.06 0.03 0.07 1       
Broken dew 
claw 
-0.05 0.04 0.15** 0.17*** 0.13** -0.04 0.02 0.11 0.09 0.08 1 
     
Broken toe 0.08 -0.05 0.01 0.07 0.03 0.04 0.00 0.04 -0.06 -0.01 0.10** 1     
Amputated 
dew claw 
0.09 -0.04 0.04 0.00 0.03 -0.01 0.08 -0.04 0.06 -0.04 -0.04 -0.01 1 
   
Amputated toe 0.02 0.06 0.01 -0.08 -0.06 -0.01 0.00 0.03 0.03 0.05 0.07 -0.01 -0.01 1   
Overgrown 
dew claw 
0.04 0.02 0.04 -0.05 0.14 0.06 0.00 -0.01 -0.01 0.06 0.23*** 0.19*** 0.01 -0.04 1 
 
Overgrown toe 0.04 -0.02 0.06 0.04 0.09* 0.04 0.09* 0.10* 0.03 0.09* 0.17*** 0.20*** -0.05 0.00 0.32*** 1 
* = <0.05, ** = <0.001, *** = <0.0001          
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4.5 Discussion 
This is the first study to examine the prevalence and risk factors for limb lesions, 
claw lesions, body lesions and lameness in gilts and sows on commercial farms in 
Ireland and the largest cross-sectional study to date of indoor intensive housing 
systems. The information produced by this study is valuable to all pig producing 
countries throughout the world, the majority of which use indoors systems for gilts 
and sows. The examination of group and stalled systems for pregnant animals 
provides valuable information for all pig producing countries both within the EU and 
internationally. Within EU pig producing countries pregnant sows may still be 
stalled up until 28 days post service after which they must be group housed until 1 
week before farrowing. Several pig producing countries such as the United States, 
Canada and Australia predominantly house their pregnant sows in stalls for their 
entire pregnancy however there is a shift towards transitioning to group housing 
due to government and stakeholder pressure. The information provided by this 
study provides information on the effect of each system on limb health and may 
highlight issues to be considered when converting system or undergoing 
development. 
 
The prevalence of lameness in this study is much higher than previously reported 
for replacement gilts, pregnant gilts and sows (Heinonen et al., 2006; KilBride et al., 
2009a; Pluym et al., 2011; Pluym et al., 2013a; Willgert et al., 2014). This may 
indicate that lameness levels on Irish farms are higher than other European 
countries, perhaps as a result of an over reliance of fully slatted concrete floors and 
absence of bedding in Irish systems.  Some of the difference may also be a result of 
the underestimation of lameness due to the different lameness thresholds used in 
various studies. A variety of other scoring systems for locomotory ability have been 
used in several other studies investigating gilt and sow lameness thus, influencing 
the reliability of comparing lameness levels between studies (Dewey et al., 1993; 
Heinonen et al., 2006; Karlen et al., 2007; Anil et al., 2009; Mustonen et al., 2011; 
Pluym et al., 2011; Grégoire et al., 2013; Pluym et al., 2013a; Willgert et al., 2014). 
This study uses the Main et al. (2000) classification system similarly to KilBride et al. 
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(2009a) and Calderón Díaz et al. (2013) whereby an ordinal scale is used and a 
lameness threshold is set. Within the use of the Main et al. (2000) classification 
system there are different interpretations of the lameness threshold. KilBride et al. 
(2009a) considered a score of one and greater to be lame while in this study it was 2 
or greater similar to Calderón Díaz et al. (2013). 
 
Group housing was the main risk factor for lameness in gilts and sows as indicated 
in previous studies (Harris et al., 2006; Chapinal et al., 2010; Calderón Díaz et al., 
2014). In individual stalls, gilt and sow movement is restricted and the freedom of 
movement and interaction with their environmental and counterparts is limited 
(Gjein and Larssen, 1995; Pajor, 2002). Individual sows are also more vulnerable to 
stereotypic behaviours and shoulder ulcers (Gjein and Larssen, 1995; Vieuille-
Thomas et al., 1995; Zhou et al., 2014). In group housed systems however while 
performance is not negatively affected, the associated social interactions make gilts 
and sows more prone to injury and aggression which are associated with increased 
lameness levels (Broom et al., 1995; Gjein and Larssen, 1995; Bates et al., 2003; 
Harris et al., 2006). This increased risk of lameness in group housing systems may be 
exacerbated in intensive production systems due to the over reliance on slatted 
flooring and the lack of bedding due to a reluctance to use straw due to the liquid 
manure systems in use and the associated labour costs (Tuyttens, 2005; Scott et al., 
2006). Both slatted flooring and lack of bedding are risk factors for lameness 
(Heinonen et al., 2006; Scott et al., 2006; KilBride et al., 2009a). A marginal increase 
in the risk of lameness when using one genetic company for maternal line genetics 
was observed in this study. The exact role in which this affects lameness cannot be 
established without a more detailed investigation into the relationship, however, 
previous studies have identified that aggression, limb soundness and 
osteochondrosis are heritable in pigs and are also associated with lameness 
(Lundeheim, 1987; Nakano et al., 1987; Rothschild and Christian, 1988; Breuer et 
al., 2005; Bench and Gonyou, 2006). No risk factors for lameness were identified for 
replacement gilts and very few in pregnant gilts and sows. This may be a result of a 
lack of variation in housing types making it difficult to identify risk factors. 
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The prevalence of limb swellings, wounds and scratches in replacement gilts, 
pregnant gilts and pregnant sows was not previously measured and wounds had 
only been measured in lactating sows previously (KilBride et al., 2009a). We 
hypothesise that the reduced risk of the presence of limb swelling when 
replacement gilts were housed separately from terminal stock before 90kg may be a 
result of reduced agonistic behaviours within a single sex pen and also separation of 
replacement gilts from terminal stock prior to 50kg may indicate an increased 
awareness about pig health and welfare amongst farm management (Björklund and 
Boyle, 2006; Boyle and Björklund, 2007). This heightened awareness of the different 
requirements of the gilt to terminal stock may result in improved gilt care such as a 
high selection criteria and improved housing, stocking densities, nutrition and 
observation. In lactating sows the reduced risk of scratches on the limbs from week 
1 post farrowing to week 4 post farrowing is due to healing over time within the 
farrowing crate as the confinement allows the scratches to heel and the risk for 
developing new ones is eliminated. The increased risk of scratches and wounds on 
the limbs in ESF group systems compared with long trough systems for group 
housed gilts may be the result of aggression on entry to the feeder as suggested by 
Anil et al. (2007). Alopecia at the flank region was most prevalent in pregnant sows. 
It is likely that this lesion worsens with age of the sow as body size increases the 
skin at the flank is constantly abrading each other resulting in alopecia of the flank.  
 
Similar to weaner and finisher pigs (Chapter 3) calluses were the most prevalent 
limb lesions in replacement gilts, pregnant gilts, pregnant sows and lactating sows. 
Almost all gilts and sows had calluses present, similarly to levels reported by Harris 
et al. (2006) and higher than previously reported by KilBride et al. (2009a) (30-80%). 
We can hypothesise that the high prevalence is a result of the dominance of slatted 
concrete and absence of bedding, previously mentioned, as both have been 
identified as increasing the likelihood of calluses (KilBride et al., 2009a). The 
association between calluses and alopecia is a result of their common aetiology, 
alopecia are either scars formed after a callus or other injury has healed and the 
hair has not yet reformed or when pen conditions lead to a low level damage to the 
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skin but not abrasive enough to result in a callus (Wechsler et al., 2000; KilBride, 
2008; Zaffino, 2012). 
 
Both bursitis and capped hock prevalence was lower than in the only other previous 
study to date to determine the prevalence of these lesions in gilts and sows (32-
37%) (KilBride et al., 2009a). This difference may be a result of difference in 
recording methods between these studies; in this study, bursitis and capped hock 
was only recorded when an abnormal area was manipulated and a fluid filled sac 
was palpable otherwise this was recorded as a swelling, also several studies do not 
differentiate between bursitis and swellings. However in agreement with other 
studies, bursitis was most prevalent in the hind limbs (KilBride, 2008; KilBride et al., 
2009a). 
 
This is the first cross-sectional study to determine the prevalence of overgrown dew 
claws, amputated dew claws, amputated toes, broken dew claws and broken toes in 
gilts and sows. The prevalence of overgrown toes is higher in this study than the 
only previous study to quantify the prevalence of this lesion in gilts and sows, 
however both dew claw overgrowth and uneven toes were combined in the 
previous study (KilBride, 2008). Anil et al. (2007) suggested increased body weight 
increase’s susceptibility to claw lesions which may explain the higher incidence of 
overgrown dew claws and toes in this study in pregnant sows when compared to 
pregnant gilts. We can hypothesise the reduced risk of overgrown toes in pregnant 
gilts and sows group housed compared with individual stalls is due the increased 
growth to wear ratio in group housed systems than confined gestation stalls. The 
positive association between overgrown dew claws and overgrown toes, although 
at a low level of association, is similar to the findings of Anil et al. (2009), they 
hypothesised this association is due to an overall physiological defect in the growth 
of the claw. We believe the increased risk of broken dew claws in pregnant sows is 
due to the increased prevalence of overgrown dew claws as once the dew claw is 
elongated it is more vulnerable to damage from the slatted flooring and during 
aggression, supported by Jackson and Cockcroft (2007) and Pluym et al. (2011). The 
positive correlation between both overgrown dew claws and overgrown toes and 
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broken dew claws and broken toes goes to further strengthen our hypothesis that 
the elongation makes the claw more vulnerable to damage. Low prevalence of 
severe lesions such as dew and toe amputations may indicate a low occurrence of 
these injuries but they also may have been underestimated as these lesion types 
are the result of severe claw trauma and may result in a high level of pain for the 
animal and so may require isolation and treatment and therefore they would not 
have been sampled in this study. In some cases these lesions are also so severe that 
they result in the affected animal being culled/euthanized. 
 
Not surprisingly there was a higher risk of body lesions (ear, shoulder, flank, 
hindquarter, anogenital and limb scratches) in group gestation housing systems 
when compared with individual gestation stalls as aggressive interactions between 
sows are not possible in the latter. In group housing systems only, pregnant gilts 
had a higher risk of aggression indicating injures than pregnant sows. We can 
hypothesise this is a result of the dominance hierarchy, young gilts are positioned 
lower down in the dominance hierarchy than multiparous sows and so receive less 
aggression induced injuries.  
 
4.6 Conclusions 
These findings have implications for replacement gilt, pregnant gilt, pregnant sow 
and lactating sow management. There is a high prevalence of lameness in 
replacement gilts, pregnant gilts and pregnant sows when compared to previously 
reported levels. The use of group housing systems is associated with increased 
levels of lameness levels and body lesions and a reduced incidence of overgrown 
weigh bearing claws. However due to the uniformity of pen environments 
identification of risk factors is difficult. Further research is required to determine 
the effect of a variety floor types and materials on lameness, limb lesions and claw 
lesions. 
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Chapter 5 
The effect of feeding a diet formulated for 
developing gilts between 70kg and ~140 kg on 
lameness indicators and carcass traits 
 
5.1 Abstract 
This study investigated the effect of three dietary regimes for replacement gilts on 
lameness and carcass traits. Diets were: a diet specifically formulated for 
replacement gilts (diet 1, 14.04 MJ of DE/kg, 0.75% lysine), a finisher diet (diet 2, 
13.54 MJ of DE/kg, 1.02% lysine) and a gestation sow diet (diet 3, 12.96 MJ of 
DE/kg, 0.69% lysine): the latter two diets are traditionally fed to replacement gilts. 
Thirty-six gilts were selected at d0 (70.8 kg ±0.78 SE, aged ~130d), housed 
individually and allocated at random to 1) DEV (restricted access diet 1, n = 12), 2) 
FIN (ad-libitum access diet 2, n = 12) or 3) GES (initially ad-libitum access diet 2, 
then restricted access diet 3 from d29, n = 12) treatments. All gilts were fed ad-
libitum from d70-83. Locomotory ability (0 = normal to 5 = severely impaired) and 
limb lesions (0 = normal to 3 = severe) were scored weekly until d82. Hind-claw 
lesions and overgrowth were scored (0 = normal to 3 = severe) at d0, 40 and 82. 
Gilts were weighed at d0, 28, 70 and 82. Carcass traits were recorded at slaughter 
(d83) and one front leg was removed for dual-energy x-ray absorptiometry (DXA) to 
establish areal bone mineral density (aBMD). Joint surface lesions of the humeral 
condyle (HC; 1 = normal to 4 = severe, 5 = osteochondrosis dissecans) and anconeal 
process (AP; 1 = absent 2 = present) were scored. The percentage of lame animals 
(locomotion score ≥2) on ≥1 occasion were: DEV = 0% (0/11), FIN = 72% (8/11) and 
GES = 75% (9/12) (P<0.01). Fewer DEV gilts had humeral condyle lesions than FIN 
and GES gilts: DEV = 64% (7/11), FIN = 100% (11/11) and GES = 100% (12/12) 
(P<0.01). DEV gilts had lower scores for humeral condyle lesions (median; IQR: 2; 2) 
than GES (4; 1) and FIN gilts (4; 3) (P = 0.05). DEV gilts weighed less (132.3 kg ±2.05) 
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than FIN (142.2 ±2.05) gilts at d70 (P<0.05). DEV gilts had a lower ADFI than FIN and 
GES gilts over the trial period (P<0.05). DEV gilts had lower ADG than FIN (P<0.05) 
and GES (P<0.001) gilts at d0-28, lower energy intake than FIN and GES gilts from 
d0-28 (P<0.001) and higher energy intake than FIN gilts at d71-82. The DEV diet 
formulated for replacement gilts and fed restrictively from 70kg to 2 weeks before 
target service at ~140kg improved locomotory ability, claw evenness and humeral 
condyle joint lesions compared with traditional diets. It is likely these improvements 
were related to slower growth rate. 
 
5.2 Introduction 
Lameness is a major cause of poor welfare and premature culling, particularly in 
gilts and young sows (Dewey et al., 1993; Boyle et al., 1998; Anil et al., 2009), with 
between 15 and 20% of gilts and first and second parity sows are culled due to 
lameness (D'Allaire et al., 1987; Lucia et al., 2000). The high levels of lameness in 
gilts and sows observed in Chapter 4 further support this and additionally highlight 
the requirement of novel strategies to address lameness as no environmental risk 
factors have been identified.   
 
It is common practice to feed diets formulated for finisher pigs to replacement gilts 
through development until service or to switch from a finisher diet to a gestating 
sow diet at the end of the finishing period (Boyd et al., 2002). Such regimes are not 
likely to meet the nutritional requirements of developing gilts. A gestating sow diet 
is formulated for an animal that has completed growth and key requirements are 
maintenance of appropriate body composition and meeting the amino acid demand 
(Harper et al., 2002). In contrast, finisher diets are formulated to maximise lean 
tissue growth (Harper et al., 2002). Diets for developing gilts should aim to prepare 
them for maximum lifetime performance by satisfying the nutritional requirements 
for reproductive performance and bone, joint and claw health and integrity 
(Sørensen et al., 1993; Levis et al., 1997; Gill and Taylor, 1999; Knauer et al., 2012). 
Previous studies found that high growth rates in gilts are associated with premature 
culling for lameness (Sørensen et al., 1993; Gill and Taylor, 1999) while optimum 
 118 
 
dietary supplementation with Ca, P, Zn, Cu and Mg improve claw and leg health 
(Ferket et al., 2009; Anil, 2011). Several studies have examined the use of gilt 
nutritional strategies on future reproductive performance (Sørensen et al., 1993; 
Levis et al., 1997; Gill and Taylor, 1999; Klindt et al., 1999; Miller et al., 2011; Knauer 
et al., 2012), while other studies have examined the effect of feed intake on joint 
health (Carlson et al., 1988; van Grevenhof et al., 2011). No studies to date however 
have examined the potential benefits of restricted gilt developer diets on limb 
health and ultimately the potential increased longevity as a consequence of 
reduced limb-related culling. 
 
It is hypothesised that feeding gilts with restricted access to a specially formulated 
developer diet during development could lead to improvements in limb health 
which would reduce premature culling for lameness and improve farm profitability. 
Therefore the aims of this study were to investigate the effect of restricted feeding 
of a developer diet (DEV) to replacement gilts from 70kg to 2 weeks before target 
service at ~140kg compared with either restricted feeding of a gestating sow diet 
(GES) from 100kg or ad-libitum provision of a finisher (FIN) diet from 70kg to 2 
weeks before target service at ~140kg on indicators of lameness and carcass 
characteristics. 
 
5.3 Methods 
5.3.1 Care and use of animals 
The research farm (Pig Development Department, Teagasc, Moorepark, Fermoy, Co. 
Cork Ireland) where the experimental work was carried out was compliant with 
Statutory Instrument number 311 of 2010 European communities (Welfare of 
Farmed Animals) Regulations 2000. Licensing under the European Communities 
(Amendment of Cruelty to Animals Act. 1876) Regulations (2002) was not required 
as no invasive procedures were employed in the study. This trial was conducted 
over an 83d period between April and June 2012.  
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Gilts (Large White x Landrace) were weaned at 28 days of age into single sex pens 
with 14 pigs per pen. Gilts were provided with ad-libitum access to dry pelleted feed 
until 84 days of age after which they were liquid fed a finisher diet (13.7 MJ of 
DE/kg, 0.4% lysine) three times per day until selection for the experiment (~116 
days of age). Eighteen gilts were selected at 62.5kg (±0.55) and transferred to 
individual pens where they were allowed to acclimatise to the novel environment 
and feeding arrangement until they reached 70.8 kg (±0.78) (~130d). Gilts were 
housed in two identical rooms, each with 18 individual pens. Pen dimensions were 
1.81 × 0.9 m and each pen was fully slatted with concrete slats (75 mm solid width, 
20 mm slots). Air temperature was maintained at 20 - 22°C and ventilation was 
provided by a cross flow system (Stienen PCS 8200; Stienen BV). All pigs were fed 
manually from a stainless steel (300 mm width) trough (O’Donovan Engineering, 
Coachford, Co. Cork, Ireland) and had continual access to water provided by a 
nipple in bowl drinker (BALP, Charleville-Mezieres, Cedex, France). Rubber pipes 
suspended from a chain were provided as environmental enrichment. 
 
A health assessment was carried out at selection (d-14) and post acclimatisation 
(d0) to ensure that none of the gilts were lame, injured, or sick. Thereafter, pigs 
were inspected twice daily and sick or injured animals were treated immediately; all 
veterinary treatments were recorded. Two gilts were removed from the trial due to 
morbidity (DEV = 1 [refusal to eat], FIN = 1 [infection]) and their data were excluded 
from the analysis. All gilts were slaughtered at d83 (~ 140kg aged ~212d), which 
corresponds to the approximate target weight for 1st service of replacement gilts.  
 
5.3.2 Diet formulations 
During the acclimatisation period gilts were provided with ad-libitum access to a 
finisher diet (13.54 MJ of DE/kg, 1.02% lysine). On d0 (i.e. when gilts weighed 70.8 
kg; ±0.78), gilts were blocked on weight and lameness score and randomly assigned 
to the dietary regimens as shown in Table 5.1. Treatment DEV involved restricted 
feeding (2.25 kg/d) of diet 1 from d0-70 followed by ad-libitum access to diet 1 
(Table 5.2) until d83 to mimic ‘flushing’ (Table 5.1). Diet 1 was a gilt developer diet 
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with a high energy to lysine ratio (14.04 MJ of DE/kg, 0.75% lysine), high Ca and P 
levels and in addition to the normal vitamin and mineral premix included a dietary 
supplement containing zinc, copper and manganese (Table 5.2). Treatment FIN 
involved ad-libitum access to diet 2 (13.54 MJ of DE/kg, 1.02% lysine) for the entire 
83 d period (Table 5.1). Diet 2 was a standard finisher diet (Table 5.2). Treatment 
GES provided ad-libitum access to diet 2 (12.96 MJ of DE/kg, 0.69% lysine) until d28, 
followed by restricted feeding of diet 3 at 2.25kg/d until d70 followed by ad-libitum 
access to diet 3 until d82 (~ 140kg, aged 212d) to mimic the practice of flushing 
(Table 5.1). Diet 3 was a standard gestating sow diet (Table 5.2). All feed was 
provided in dry pelleted form (3mm diameter). Diet 1 and 3 provided Ca and 
digestible P that met NRC (2012) recommendations for growing gilts, Diet 2 was 
below the NRC (2012) recommendations for growing gilts. All diets were formulated 
in the on-site mill at the research farm (Pig Development Department, Teagasc, 
Moorepark, Fermoy, Co. Cork Ireland) by an experienced nutritionist. 
 
 
Table 5.1. Dietary regimes for individually housed replacement gilts in three 
treatments fed to from 70 to 140kg. 
Weight 
range (kg) 
Dietary treatment 
Developer Finisher Gestating sow 
70 – 100 Diet 1 (2.25 kg/d) Diet 2 (ad-libitum) Diet 2 (ad-libitum) 
100 - 130 Diet 1 (2.25 kg/d) Diet 2 (ad-libitum) Diet 3 (2.25kg/d) 
130 - 140 Diet 1 (ad-libitum) Diet 2 (ad-libitum) Diet 3 (ad-libitum) 
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Table 5.2. Composition of the experimental diets (on an air-dry basis, %, as fed) for 
individually housed replacement gilts. 
Item Diet 1 Diet 2 Diet 3 
Ingredients       
 
Barley  81.20 50.00 89.74 
 
Wheat  0.00 34.87 0.00 
 
Soybean 10.31 12.00 7.00 
 
Soya oil  6.00 1.00 1.00 
 
Lysine HCl 0.10 0.40 0.10 
 
DL-Methionine  0.00 0.10 0.00 
 
L-Threonine 0.00 0.12 0.00 
 
Premix 1a  0.00 0.10 0.00 
 
Premix 2b  0.15 0.00 0.15 
 
Phytase  0.01 0.01 0.01 
 
Salt feed grade  0.40 0.30 0.40 
 
Di-Calcium phosphate  0.65 0.00 0.50 
 
Limestone flour  1.10 1.10 1.10 
 
Availa Sow® c 0.09 0.00 0.00 
     Chemical composition  
  
 
Dry matter 87.50 86.90 87.20 
 
Crude protein 12.60 14.70 12.30 
 
Crude Fibre  3.80 3.00 3.50 
 
Total oil 9.26 3.54 3.62 
 
Ash 3.70 3.70 3.60 
 
Lysine 0.75 1.02 0.69 
 Threonine 0.48 0.64 0.45 
 Methionine 0.22 0.33 0.21 
 Methionine + Cystine 0.48 0.63 0.47 
 Tryptophan 0.17 0.19 0.16 
 
Calcium d 0.76 0.61 0.69 
 
Phosphorous d 0.49 0.37 0.46 
 
Digestible phosphorus d 0.33 0.24 0.32 
  Digestible energy (MJ of DE/kg)
 d 14.04 13.54 12.96 
 a Premix provided per kilogram of complete diet 1 and 3: Cu, 15 mg; Fe, 70 mg; Mn, 62 mg; Zn,80 
mg; I, 1 mg; Se, 0.4 mg; vitamin A, 10,000 IU; vitamin D3, 1,000 IU; vitamin E, 100 IU; vitamin K, 2.0 
mg; vitamin B12, 15 μg; riboflavin, 5 mg; nicotinic acid, 12 mg; pantothenic acid, 10 mg; choline 
chlorine, 500 mg; Biotin, 200 μg; Folic acid, 5 mg vitamin B1,2 mg and vitamin B6,3 mg. 
 
b 
Premix provided per kilogram of complete diet 2: Cu, 15 mg; Fe, 24 mg; Mn, 31 mg; Zn, 80 mg; I, 
0.5 mg; Se, 0.4mg; vitamin A, 2,000 IU; vitamin D3, 500 IU; vitamin E, 40 IU; vitamin K, 4 mg; vitamin 
B12, 15 μg; riboflavin, 2 mg; nicotinic acid, 12 mg; pantothenic acid, 10 mg; vitamin B1, 2 mg; and 
vitamin B6,3 mg 
c 
Availa Sow® provided per kilogram of complete Diet, Zn, 50 mg; Mn, 20 mg; Cu,10 mg.   
d 
Calculated from standard book values for ingredients. 
 122 
 
5.3.3 Measurements 
Feed intake was measured weekly. Locomotory ability and limb lesions were scored 
weekly. Gilts were weighed on d0, 29, 70 and 82 of the experiment. Claw lesions 
were scored on d0, 42 and 82. Gilts were slaughtered on d83. Multiple recording 
sheets were used (Appendix 5). 
 
5.3.3.1 Locomotory ability 
Locomotory ability was assessed using the gait and standing posture aspects of the 
protocol described by Main et al. (2000) and as described in Chapter 3. Gilts were 
removed from their pen and walked on a fully slatted concrete corridor for a 
minimum of 6 m.  
 
5.3.3.2 Limb lesions 
 All four limbs were examined. Lesions were categorised and scored as per KilBride 
et al. (2009a) and as described in Chapter 3. Due to lack of variability in limb lesion 
scores lesions were later defined as present (1) or absent (0) and reassigned a score 
based on severity to yield a total lesion score using a method adapted from Boyle et 
al. (2000) and originally described by de Koning (1985); score 1 = scratch, alopecia, 
callus, score 2 = swelling and score 3 = wound, abscess, bursitis and capped hock. 
 
5.3.3.3 Claw lesions and uneven claw size 
Claw inspections were carried out by raising gilts 0.75 m using a hydraulic chute 
(FeetFirst Sow Chute; Zinpro Performance Minerals, Eden Prairie, Minnesota, USA). 
Only the hind feet were examined. Lesions on the sole and heel of the medial and 
lateral toes and the dew claws of each foot were inspected and scored. The 
following lesions were examined: heel overgrowth, heel erosion, heel-sole 
separation, white line separation, dew claw crack, toe crack (horizontal and vertical), 
dew claw overgrowth and toe overgrowth. The scoring system used was a modified 
version of the FeetFirst™ claw lesion scoring guide (Zinpro Corporation) as 
described by Calderón Díaz et al. (2013). Lesions were scored from 0 (no lesion) to 3 
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(severe lesion) based on severity. Overgrown weight bearings claws and dew claws 
were scored from 0 (not uneven) to 3 (severely uneven) based on severity 
(Appendix 3).  
 
5.3.3.4 Feed intake and growth performance  
Gilts were weighed on d0, 29, 70 and 82 of the experiment and average daily gain 
(ADG) was calculated. Average daily feed Intake (ADFI) was calculated in grams per 
day. Gain/feed was calculated as ADG divided by daily feed intake in grams per 
kilogram. Energy intake (MJ DE/kg/day) was calculated by multiplying the predicted 
DE content of the diet (MJ DE/kg) by the average daily feed intake (kg/day) of the 
gilts. 
 
5.3.3.5 Slaughter and carcass traits 
Pigs were fasted for 15 hours prior to slaughter. On the d83 (day of slaughter), gilts 
were mixed and transported 90 km. Gilts were slaughtered by exsanguination post 
CO2 stunning. After evisceration, carcass traits were measured by slaughtering 
facility staff. Muscle depth and backfat thickness were measured using a Hennessy 
grading probe (Hennessy and Chong, Auckland, New Zealand) 60 mm from the edge 
of the split back, at the level of the third and fourth last rib. Lean content was 
calculated using the following formula (Department of Agriculture and Food, 
Ireland, 2001): Estimated lean meat content (%) = 60.30 – 0.847x + 0.147y, where x 
= backfat depth (mm); y = muscle depth (mm). Carcass weight (cold) was estimated 
as the weight of the hot eviscerated carcass (minus the tongue, bristles, genital 
organs, kidneys, flare fat and diaphragm) 45 minutes post-slaughter x 0.98. Dressing 
out (%) was calculated as: (carcass weight/live weight prior to slaughter) x 100. The 
front right limb was dissected dorsal to the elbow joint, identified by a tag and 
frozen within 2 hours at -20°C for DXA scanning and elbow joint surface cartilage 
scoring at a later date. 
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5.3.3.6 Areal bone mineral density (aBMD) 
The front right limb was DXA scanned to determine aBMD (g/cm2) by a Hologic 
QDR-4500 Elite bone densitometer, using the “left forearm” option and analysed 
using Apex software version 2.3.1. 
 
5.3.3.7 Joint surface lesions 
The front right limb was dissected at the elbow joint to expose the humeral condyle 
(HC) and anconeal process (AP) surfaces as these are the most commonly and 
severely affected joint surfaces in pigs (Jørgensen, 1995). Furthermore, as lesions 
tend to be bilaterally symmetrical in the limbs only one limb was examined. 
Abnormalities of the articular surface of the HC and AP were examined and scored 
(Grondalen, 1974; Jørgensen, 1995; Ytrehus et al., 2007; Kirk et al., 2008; Jensen 
and Toft, 2009) (Appendix 4). Joint lesions were scored on the HC from 1 (normal) 
to 4 (severe abnormality) and a score of 5 was reserved for cases of 
osteochondrosis dissecans (OCD) only and as 1 (present) or 2 (absent) on the AP as 
per Jørgensen et al. (1995), Christensen et al. (2010) and Busch and Wachmann 
(2011) (Appendix 4).  
 
5.3.4 Laboratory analysis of diets 
Representative samples of each diet were taken at 3 times during the study (d0, d40 
and 82). Samples were ground using a laboratory hammer mill (Christy and Norris, 
Scunthorpe U.K.) through a 2 mm screen. Proximate and amino acid analyses were 
carried out by a commercial laboratory (Sciantec Analytical Services Ltd., Cawood, 
UK). 
 
5.3.5 Data management 
Data were entered into a Microsoft Access 2003 database by AQ. All data were 
checked for outliers (none were discovered), and impossible values were checked 
against the raw data. 
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5.3.6 Statistical analysis  
Data were analysed in SAS V9.3 (Statistical Institute Inc., Cary, North Carolina), using 
the individual gilt as the experimental unit. Differences between the treatments in 
scores for locomotory ability, limb lesions, claw lesions and joint cartilage lesions 
were investigated using the Kruskal–Wallis test (Proc NPAR1WAY). Pair-wise 
comparisons were then carried out if the Kruskal–Wallis test produced a significant 
result using the Wilcoxon Rank test. Fisher's exact test was used to analyse 
differences between treatments  for the presence or absence of lameness, claw 
lesions, uneven claw size, joint surface lesions and OCD (joint lesion score 5). A gilt 
was categorised as being not lame (score ≤1) or lame (score ≥2).  
 
Carcass characteristics, aBMD, and growth performance parameters were analysed 
using one way ANOVA (Proc MIXED) and body weight using repeated measures one 
way ANOVA (Proc MIXED). The model included ﬁxed effects of treatment and batch, 
and period where appropriate. Least squares means were determined and P-values 
were adjusted for multiple comparisons using the Tukey-Kramer adjustment. 
Pearson correlations between variables were analysed (Proc CORR). Non normal 
data (ADFI d0-28 and ADFI d29-70) were analysed using the Kruskal Wallis test.  
 
5.4 Results 
5.4.1 Locomotory ability 
The percentage of animals with locomotion score ≥2 (i.e. lameness) on at least one 
occasion during the experiment were DEV = 0% (0/11), FIN = 72% (8/11) and G = 
75% (9/12) (Table 5.3). The incidence of lameness increased over time from d29-56 
(P<0.05) and d57-82 (P<0.05) for treatments FIN and GES (Table 5.3).  
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Table 5.3. Number and % of individually housed replacement gilts on three dietary 
treatments with locomotion score ≥2, claw and limb lesions during the 
experimental period. 
Variables DEV FIN GES P-value 
n 11 11 12 
 
  
n % n % n % 
 Lame (≥2 locomotion score) 
       
 
d0 0 0.0 0 0.0 0 0.0 1 
 
d0-28 0 0.0 1 9.1 1 8.3 1 
 
d29-56 0 0.0 4 36.4 6 50 0.02 
 
d57-82 0 0.0 6 54.6 5 41.7 0.01 
 
d0-82 0 0.0 8 72.7 9 75.0 <0.001 
         Claw lesion, present 
       
 
d0 6 54.6 6 54.6 6 50.0 1 
 
d40 5 45.5 8 72.7 10 83.3 0.18 
 
d82 9 81.8 11 100 11 91.7 0.51 
         Claw uneven, present 
       
 
d0 10 90.9 11 100 11 91.7 1 
 
d40 9 81.8 11 100 12 100 0.2 
 
d82 3 27.3 11 100 12 100 <0.001 
         Joint surface lesions, present 
 
     
 
HC 7 63.6 11 100 12 100 0.01 
 
AP 5 45.5 8 72.7 7 58.3 0.47 
         OCD present or absent 
      
  HC 3 27.3 4 36.4 3 25.0 0.89 
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5.4.2 Limb lesions 
There was no effect of treatment on total limb lesion score and there was a 100% 
prevalence of limb lesions in all gilts. Medians and IQR are reported in Table 5.4. No 
correlation was found between the locomotory ability and limb lesion scores. 
 
Table 5.4. Median and inter quartile range (IQR) total limb lesion score for three 
dietary treatments  for individually housed replacement gilts. 
  
DEV FIN GES 
  Median IQR Median IQR Median IQR 
d0 8 1 7 2.5 7.5 1.5 
d0-28 6 5 5 6 4 4 
d29-56 7 6 4 5.25 4 3 
d57-82 7.5 5.25 7.5 6 5 4 
 
5.4.3 Claw lesions and uneven claw size 
DEV gilts had a lower occurrence of overgrown toes at d82 than FIN and GES gilts 
(P<0.001) (Table 5.3). There was no significant effect of treatment on claw lesion 
prevalence or score. DEV gilts had a numerically lower score for overgrown toes at 
d40 (2; 1 [median; IQR]) and d82 (0; 0.5) compared with FIN and GES gilts (2; 0) and 
lower scores than FIN gilts at d82 (2; 0) (P = 0.2). No correlation was found between 
the locomotion and claw lesion scores or between locomotion scores and uneven 
claw size. 
 
5.4.4 Feed intake and growth performance 
The effect of dietary treatment on pig growth is presented in Table 5.5. Gilts were 
weighed at d0 (70.8 kg; ±0.78), d29 (101.3 kg; ±1.22), d70 (137.4 kg; ±1.61) and d82 
(145.0kg ±1.45). The DEV gilts weighed less than FIN (P<0.05) at d70 and had a 
lower ADFI than FIN and GES gilts from d0-28 (P<0.001) and d29-70 (P<0.05). DEV 
(P<0.05) and GES (P<0.001) gilts had a higher ADFI than FIN gilts from d71-82 
(P<0.05). Overall DEV gilts had a lower ADFI than FIN and GES gilts over the trial 
period (P<0.05). DEV gilts had a lower ADG than FIN (P<0.05) and GES (P<0.001) gilts 
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from d0-28 and GES gilts had a lower ADG than FIN from d29-70 (P<0.05). Overall 
DEV gilts had a lower ADG than FIN gilts over the trial period (P<0.05). DEV gilts had 
lower energy intake than FIN and GES gilts from d0-28 (P<0.001) and higher energy 
intake than FIN gilts at d71-82. Overall DEV gilts had a lower energy intake than FIN 
gilts over the trial period (P = 0.05). 
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Table 5.5. Effect of dietary regime on performance indicators (LSM1 ±SEM) of individually housed replacement gilts from 70 to 140kg. 
  Treatment   Treatment comparison 
    DEV SEM FIN SEM GES SEM T DEV v. FIN DEV v. GES FIN v. GES 
n 11  11  12 
 
P-value 
Weight, kg 
 
 
 
 
      
 
d0 71.5 1.18 70.4 1.22 69.9 1.14 0.58 1.00 1.00 1.00 
 
d29 96.1 1.82 102.9 1.88 104.7 1.76 0.07 0.29 0.20 1.00 
 
d70 132.5 2.83 142.9 2.03 136.9 2.74 0.10 <0.05 0.06 0.91 
 
d82 142.5 2.57 149.5 2.66 143.5 2.49 0.38 0.78 0.99 0.99 
ADFI2, g/d 
 
 
 
 
 
 
    
 
d0 to 284 2271.2 10.92 3435.6 96.11 3122.1 73.93 <0.001 <0.001 <0.001 <0.05
 d29 to 704 2250.0 0.00 2369.6 93.97 2231.7 7.80 <0.05 <0.05 <0.05 <0.05 
 
d71 to 82 3708.7 157.90 3033.5 157.90 3989.0 148.10 <0.001 <0.05 0.41 <0.001 
 
d0 to 82 2492.7 60.11 2798.0 60.11 2818.0 56.38 <0.05 <0.05 <0.05 0.97 
ADG3, g/d 
 
 
 
 
 
 
    
 
d0 to 28 804.9 53.74 1126.8 53.74 1198.9 50.41 <0.001 <0.05 <0.001 0.60
 
d29 to 70 883.4 49.18 965.7 49.18 793.5 46.13 0.06 0.48 0.39 <0.05 
 
d71 to 82 771.7 150.46 451.2 150.46 570.5 141.13 0.34 0.31 0.60 0.83 
 
d0 to 82 838.5 26.92 941.4 26.92 900.2 25.25 <0.05 <0.05 0.24 0.52 
Gain/feed, g/kg 
 
 
 
 
 
 
    
 
d0 to 28 354.0 18.87 331.7 18.87 382.8 17.70 0.17 0.69 0.52 0.14 
 
d29 to 70 107.8 1.30 118.0 7.30 102.9 6.84 0.33 0.59 0.88 0.31 
 
d71 to 82 205.0 43.13 152.1 43.13 140.0 40.46 0.53 0.67 0.53 0.98 
 
d0 to 82 336.6 8.33 337.8 8.33 319.3 7.81 0.21 0.99 0.31 0.26 
Energy Intake, MJ 
DE/d 
 
 
 
 
 
 
    
 
d0 to 28 31.9 0.15 46.5 1.30 40.5 0.96 <0.001 <0.001 <0.001 <0.05
 
d29 to 70 31.6 0.00 32.1 1.27 28.9 0.10 <0.001 0.24 <0.001 <0.05 
 
d71 to 82 52.1 2.15 41.1 2.15 51.7 2.01 <0.001 <0.05 0.99 <0.05 
 d0 to 82 35.0 0.81 37.9 0.81 36.5 76.20 0.06 0.05 0.37 0.45 
1LSM = least squares mean. 2ADFI= average daily feed intake. 3ADG= average daily gain. 
 
         2Mean ± standard error presented for this value only, all other measures are least squares means are presented. 
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Table 5.6. Effect of dietary regime on carcass traits (LSM1 ±SEM) at 140kg for individually housed replacement gilts. 
  Treatment  Treatment comparison 
  
  DEV SEM FIN SEM GES SEM T DEV v. FIN DEV v. GES FIN v. GES 
n 11 
 
11 
 
12 
 
P-value 
Carcass weight, kg 111.7 2.27 117.2 2.27 114.3 2.13 0.25 0.23 0.68 0.63 
Lean meat, % 56.0 0.76 54.1 0.76 55.8 0.71 0.16 0.20 0.99 0.23 
Muscle, mm 63.0 1.68 62.8 1.68 64.9 1.58 0.62 0.99 0.70 0.66 
Fat, mm 16.1 1.02 18.3 1.02 16.6 0.96 0.29 0.29 0.93 0.45 
Dressing out, % 78.4 0.29 79.2 0.29 78.8 0.28 0.16 0.13 0.58 0.54 
1LSM = least squares mean. 
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5.4.5 Carcass traits 
There was no effect of treatment on the carcass characteristics; carcass weight, 
back fat depth, muscle depth, lean meat percentage, and dressing out percentage 
(Table 5.6). 
 
5.4.6  Areal bone mineral density 
There was no effect of treatment on aBMD. DEV gilts had a numerically higher bone 
mineral density (1.04 g/cm2; ±0.02) than FIN (1.01 g/cm2; ±0.02) and GES gilts (0.99 
g/cm2; ±0.01). No correlation was found between locomotion scores and aBMD.  
 
5.4.7 Joint lesions 
The percentage of gilts which had any lesion in the joint cartilage of the humeral 
condyle were DEV = 64% (7/11), FIN = 100% (11/11) and GES = 100% (12/12) (Table 
5.3). The percentage of gilts affected by OCD was DEV = 27% (3/11), FIN = 36% 
(4/11) and GES = 25% (3/12) respectively. DEV gilts had lower joint lesion scores on 
the humeral condyle (Median 2; IQR 2) than GES (4; 1) and FIN gilts (4; 3) (P=0.051). 
There was no difference between treatments in the presence of lesions on the 
anconeal process; DEV = 45% (5/11), FIN = 73% (8/11) and GES = 58% (7/12). 
Humeral condyle and anconeal process scores were significantly correlated 
(P<0.05). There was a tendency for a positive correlation between the scores for 
lesions on the humeral condyle and locomotion scores (P = 0.08). 
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5.5 Discussion 
This study is the first to examine the effect of a novel diet, specifically formulated 
for replacement gilts, on indicators related to lameness. Improvements in limb and 
claw health alone would improve gilt/sow welfare and may also reduce culling for 
lameness. This dietary regime reduced lameness, uneven claws and the severity of 
joint surface lesions in the elbow joint.  
 
While none of the DEV gilts were scored lame during the experiment over 70% of 
the gilts on the other two treatments were scored as lame at least once during the 
study. Overall lameness levels were much higher than those previously reported. 
Heinonen et al. (2006) reported a prevalence of lameness in replacement gilts of 
9.9%, KilBride et al. (2009a) observed abnormal gate in 18.9% of replacement gilts 
housed on partially slatted flooring and Chapter 4 of this thesis reported a lameness 
prevalence of 39% for replacement gilts. These studies however reported point 
prevalence using a large sample size while this study reports cumulative incidence. 
Previous studies have found associations between osteochondrosis, infectious 
arthritis and physical injuries, such as; claw lesions, joint lesions, muscle damage, 
tendon damage and bone fractures (Jensen et al., 2007; Jensen and Toft, 2009). In 
the current study, however, whilst locomotory score was lower in DEV gilts there 
was no treatment effect on the severity of claw or limb lesions or on levels of bone 
mineral density suggesting that these were not associated with lameness in this 
study. The gilts in the current study had a low prevalence of severe limb and claw 
lesions and 100% prevalence of mild limb and claw lesions. Hence these lesions may 
not have been severe enough to influence locomotory ability  or were too unvarying 
to associate with lameness in the small number of gilts in the current study (Gjein 
and Larssen, 1994; Anil et al., 2007). In contrast to Calderón Díaz et al. (2013) there 
was no association between lameness and mild claw lesions. 
 
In the current study there was a slight tendency for reduced locomotory ability (i.e. 
lameness) to be associated with increasing severity of joint lesions. However, while 
osteochondrosis has previously been identified as a contributor to leg 
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weakness/lameness in pigs the majority of studies supporting this link are based on 
sows culled for lameness (D'Allaire et al., 1987; Kirk et al., 2005; Engblom et al., 
2007; Engblom et al., 2008; Jensen et al., 2010). Other studies found no association 
between osteochondrosis and lameness/leg weakness (Brennan and Aherne, 1986; 
Jørgensen, 1995; Jørgensen et al., 1995; Stern et al., 1995; Arnbjerg, 2007). Hence 
the relationship is poorly understood (Dewey et al., 1993; Heinonen et al., 2006). 
For example, the extent of severity of abnormalities to the joint surface cartilage in 
the elbow joint required to alter pig locomotion and result in clinical lameness is not 
well established. Furthermore, osteochondrosis tends to occur bilaterally in the 
elbow joint, this  could make it difficult to reduce weight bearing simultaneously in 
both front limbs while walking (Grondalen, 1974; Jørgensen et al., 1995; Ytrehus et 
al., 2007; Kirk et al., 2008; Jensen and Toft, 2009). This would thereby render 
traditional lameness scoring systems based on reduced weight bearing in the 
affected limb less useful for the detection of osteochondrosis. Lameness detection 
methods involving pressure pads or the use of kinematics may prove more useful in 
establishing the link between joint lesions and lameness (de Koning et al., 2012; 
Stavrakakis et al., 2014). Stiff movements and out turned fore legs are associated 
with lesions of the cartilage in the elbow joint (Jorgensen and Andersen, 2000; 
Jørgensen and Nielsen, 2005; Kirk et al., 2008; Jensen and Toft, 2009). Earlier 
identification of locomotion impairment relating to osteochondrosis through a 
more sensitive recording system could allow gilts exhibiting these traits to be 
excluded from the gilt pool (de Koning et al., 2012).  
 
The current study found no effect of dietary regime on limb or claw lesions. This 
was despite the gilt developer diet being highly fortified with an additional source 
of zinc, copper and manganese which are essential for skin and claw health (Socha 
et al., 2002; Tomlinson et al., 2004; Tomlinson et al., 2008). However, the 
prevalence of severe limb and claw lesions was very low in this study likely because 
the animals were not housed in groups where social interactions on concrete 
slatted floors increase the likelihood of incurring injuries (Gjein and Larssen, 1994; 
Pluym et al., 2011). Hence, potential benefits of supplementing gilt developer diets 
with trace minerals in terms of improved limb, skin and claw health would likely be 
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better tested under commercial group housed settings (Anil et al., 2005). 
Nonetheless, DEV gilts had more even sized claws after d40. It is important to 
consider that the magnitude of the difference between the size of the medial and 
lateral claws was very small in this study. In addition, its biological importance is not 
known as Grégoire et al. (2013) reported that 54-60% of sows had uneven toes in 
the hind legs. Mild unevenness in the toes may even be considered normal (Penny 
et al., 1963; Dewey et al., 1993). It is when the difference between the toes and 
dew claws extend beyond a mild deviation, which it did not in this study, that it has 
the potential to hinder locomotion and make the claws more vulnerable to damage 
(Pluym et al., 2011). The point at which the difference between the lateral and 
medial claw becomes abnormal resulting in detrimental effects needs to be 
elucidated.  
 
The difference in body weight at d70 (prior to the flushing period) between the 
treatments, when FIN gilts were heavier than DEV gilts was an expected 
consequence of restricted feeding of the developer diet which was associated with 
reduced energy intake in DEV gilts in conjunction with a high energy to lysine ratio 
of diet 1 in comparison to diet 2 (Wilson and Osbourn, 1960; Varley et al., 2011). 
The higher daily weight gain in DEV than in FIN gilts during the flushing period was 
probably due to compensatory growth once ad-libitum access to feed was restored 
(Wilson and Osbourn, 1960; Klindt et al., 2001; Mitchell, 2007; Varley et al., 2011). 
The lack of treatment effect on body weight or carcass characteristics post flushing 
(i.e. slaughter which occurred at approximate time of service) illustrates that 
restricting feed during development did not affect target weight for gilts at first 
service. 
 
Ca and digestible P levels fed to DEV and GES gilts met the NRC (2012) 
recommendations while the FIN feeding regime was below the NRC (2012) 
recommendations for growing gilts. Ca and P are essential elements for bone 
development and maintenance as well as playing a role in metabolic and 
biochemical functioning (Underwood, 1999; Varley et al., 2011). P and Ca levels also 
improve pig performance and bone mineralization (Jendza et al., 2005; Brana et al., 
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2006; Varley et al., 2011). Increased bone mineralization ensures higher Ca and P 
availability from the skeletal reservoir during manure systems in use and the 
associated labour costs without negatively affecting bone mineral density or bone 
strength (Nimmo et al., 1981) and therefore potentially improves sow longevity. 
However, there were no significant treatment differences in areal bone mineral 
density (aBMD) in the present study. The lack of a benefit of supplementation with 
Ca and P to aBMD may be because bone formation was largely complete by the 
time the treatments were applied. It is thought that dietary restriction of Ca and P 
in the first 12 weeks of life can result in impaired bone mineralisation during the 
reproductive cycle (Mahan, 1982). Therefore  Ca and P supplementation above that 
normally provided in finisher or dry sow diets may be required prior to 70kg in 
order to influence aBMD (Tanck et al., 2001; Varley et al., 2011). A further 
consideration is the increase in Ca and P demand for milk production and an 
increase in dietary Ca and P supply from gilt development throughout gestation and 
into lactation may prove beneficial during these phases (Mahan, 1990; Marchant 
Forde and Broom, 1996; Almeida et al., 2000). Future studies should evaluate the 
potential benefits of Ca and P supplementation prior to first service and during 
gestation on bone mineral density of gilts for multiple parities. 
 
Osteochondrosis has been identified as an economic and welfare concern in 
commercial pig farming due to reduced productivity and associated pain 
respectively (van Grevenhof et al., 2011). Beneficial effects of DEV treatment on 
joint lesions of the humeral condyle were observed in this study. Furthermore, and 
in accordance with (Nakano et al., 1979), the prevalence of lesions in both FIN and 
GES gilts was high but just significantly lower in DEV gilts. It is likely that these 
findings were related to the fact that gilts in the DEV treatment were restrictively 
fed and fed a diet (1) which was also formulated to slow down growth by reducing 
lean tissue growth rate, therefore DEV gilts had a lower initial growth rates than FIN 
and GES gilts (Carlson et al., 1988; van Grevenhof et al., 2011). Busch and 
Wachmann (2011) reported a 20% increase in the risk of joint lesion occurrence for 
every 100g increase in ADG during the weaner and finisher period. It is thought that 
slower rates of growth reduce loading pressure on the joints which is particularly 
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important in developing animals (Nakano and Aherne, 1988; Carlson et al., 1991; 
Ytrehus et al., 2004).  
 
This study illustrates the beneficial effects of feeding a gilt developer diet on 
lameness and joint lesions of the elbow joints in replacement gilts compared with 
the two most commonly practiced feeding regimes. These benefits could potentially 
lead to improvements in sow lifetime reproductive performance and longevity. 
Indeed on most farms where replacement gilts are produced they are housed and 
managed as finishing stock until the approximate age at which they would be 
slaughtered. This further precludes the feeding of diets specifically aimed at 
improving gilt development and welfare. This study would indicate that segregating 
gilts from finisher stock at least at 70 kg and applying a specifically formulated 
developer diet can improve gilt limb health 
 
5.6 Conclusion 
In conclusion, limit feeding a diet specifically formulated for developing gilts from 
70kg to 2 weeks before target service at ~140kg (~212d) resulted in reduced 
occurrence of lameness and less severe surface lesions in the elbow joint and 
increased uniformity of medial and lateral claw size on a foot. Further work is 
required to establish whether these improvements could translate to improved 
gilt/sow welfare and increased sow longevity and productivity within the breeding 
herd.  
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Chapter 6 
The effect of ad-libitum feeding a diet 
formulated for developing gilts between 
65kg and ~140 kg on lameness indicators, 
carcass traits and behaviour 
6.1 Abstract 
This study investigated the effects of three dietary regimes for replacement gilts on 
lameness indicators, behaviour and carcass traits. Diets were: a diet specifically 
formulated for replacement gilts (diet 1, 14.04 MJ of DE/kg, 0.75% lysine), a finisher 
diet (diet 2, 13.54 MJ of DE/kg, 1.02% lysine) and a gestation sow diet (diet 3, 12.96 
MJ of DE/kg, 0.69% lysine); the latter two are traditionally fed to replacement gilts. 
One hundred and eighty Large White x Landrace gilts were selected at d0 (64.18 kg, 
±0.20), housed in 18 pens in groups of 10 and allocated at random with ad-libitum 
access to one of the following diets: 1) DEV (diet 1, n = 6 pens), 2) FIN (diet2, n = 6 
pens) or 3) GES from 100kg (diet 3, n = 6 pens) treatments. The DEV diet was 
supplemented with Zn, Mn, and Cu and had higher Ca and P concentration and 
increased energy to lysine ratio when compared with the other two diets. 
Locomotory ability (0= normal to 5 = severely impaired), limb lesions (0 = normal to 
3 = severe) and body lesions (0=no lesions to 6= >1 extensive lesion) were scored 
weekly until slaughter at d84 (145.00 kg; ±1.45). Hind claw lesions and claw 
evenness were scored (0 = normal to 3 = severe) at d0, 42 and 83. Gilts were 
weighed at d0, 29 and 83. Carcass traits were recorded at slaughter. The front right 
leg was removed at slaughter (d84) for dual-energy x-ray absorptiometry (DXA) to 
establish areal bone mineral density (aBMD). Joint surface lesions of the humeral 
condyle (HC; 1 = normal to 4 =severe, 5 = osteochondritis dissecans) and anconeal 
process (AP; 1 = lesions absent 2 = lesions present) were scored. FIN gilts (OR 1.72; 
CI 1.19, 2.48) and GES gilts (OR 1.73; CI 1.20, 2.49) had an increased risk of 
abnormal locomotion (score ≥1) in comparison to DEV gilts. FIN gilts had an 
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increased risk of being lame (score ≥2) in comparison to DEV gilts (OR 3.07; CI 1.23, 
7.53). DEV gilts had significantly higher aBMD than FIN gilts (P<0.05), no differences 
were found between GES and other treatments. In all gilts there was an increased 
risk of uneven sized toes in week 5-8 (OR 0.10; CI 0.04, 0.30) and 9-12 (OR 0.09; CI 
0.03, 0.26) when compared to the initial inspection at day 0. There was also an 
increased risk of heel overgrowth at inspection 2 (d42) (OR 14.30; CI 6.20, 32.97) 
and 3 (d83) (OR 31.82; CI 12.50, 81.01) compared with d0. There was no effect of 
treatment on limb lesions, claw lesions, uneven claw size, gilt behaviour, body 
weight or carcass traits. In conclusion, a diet specifically formulated for replacement 
gilts and fed ad-libitum led to an improvement in locomotory ability and aBMD. 
 
6.2 Introduction 
Restricted feeding of a developer diet specifically designed for replacement gilts fed 
to individually housed replacement gilts from 65kg resulted in reduced levels of 
lameness and osteochondrosis (Chapter 5) and is recommended to maximise 
reproductive performance (Sørensen et al., 1993; Levis et al., 1997; Gill and Taylor, 
1999; Klindt et al., 1999; Knauer et al., 2012). However restricted feeding and 
individual housing of gilts is not common practice at farm level and would require 
substantial investment in feeding systems and infrastructure. The predominant 
method for feeding replacement gilts is largely ad-libitum access to feed. 
Replacement gilts are also predominantly group housed and, due to social 
interactions, injuries such as lameness and body lesions are more severe than when 
compared with individually housed pigs (Calderón Díaz et al., 2013).  
 
It is hypothesised that providing ad-libitum access to a gilt developer diet during gilt 
development will lead to improvements to limb health indicators which could 
reduce inactive behaviours and ultimately reduce premature culling for lameness 
and improve farm profitability. Therefore the aim of this study was to determine 
the effect of ad-libitum feeding of a developer diet (DEV) to replacement gilts from 
65kg to service compared with ad-libitum feeding of a gestating sow diet (GES) from 
100kg or ad-libitum feeding of a finisher (FIN) diet for developing gilts on indicators 
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of lameness and carcass traits. It is also hypothesised that provision of a gilt 
developer diet may result in increased active behaviours due to improved 
locomotory ability and limb health. 
 
6.3 Methods 
6.3.1 Care and use of animals 
The research farm (Pig Development Department, Teagasc, Moorepark, Fermoy, Co. 
Cork, Ireland) where the experimental work was carried out was compliant with 
statutory Instrument number 311 of 2010 European communities (Welfare of 
Farmed Animals) Regulations 2000. Licensing under the European Communities 
(Amendment of Cruelty to Animals Act. 1876) Regulations (2002) was not required 
as no invasive procedures were conducted during the study. This trial was 
conducted between April and September 2012. Gilts were selected in 4 batches 
throughout this period, treatments were balanced per batch. 
 
Gilts (Large White x Landrace) were weaned at 28 days of age (ds) into single sex 
pens with 14 pigs per pen. Gilts were provided with ad-libitum access to dry 
pelleted feed until ~84ds after which they were dry fed a finisher diet 3 times per 
day (13.7 MJ of DE/kg, 0.4% lysine) until selection for the experiment (~112d). Gilt 
pens were identified for selection based on appropriate age and weight (~112d 
65kg), 3-4 pigs per pen were removed to make a group size of 10 pigs per pen; the 
excess pigs were removed from the pen based on a health inspection, whereby 
lower health pigs were removed. Gilt pens were selected at an average pig per pen 
weight of 64.18 kg (±0.20), each pen was allocated at random, using a random 
number generator, to an experimental treatment (DEV, FIN and GES). At selection 
four focal pigs per pen were selected for more detailed measures. The focal pigs 
were selected by determining the median four weights of the group, if a pig scored 
a higher lameness score than 1 at selection the pig was not used as a focal pig and 
the next pig closest to the median weight was selected.  
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Pen dimensions were 2.32m x 4.73m and each pen was fully slatted with concrete 
slats (80 mm solid width, 18 mm slots). Air temperature was maintained at 20 to 
22°C and ventilation was provided by a cross flow system (Stienen PCS 8200; 
Stienen BV). All pigs were manually fed from a stainless steel trough and had 
continual access to water provided by a nipple in bowl drinker (BALP, Charleville-
Mezieres, Cedex, France). Rubber pipes suspended from a chain were provided as 
environmental enrichment. 
 
A health assessment was carried out twice daily to ensure that none of the gilts 
were injured or sick. Sick or injured animals were treated immediately; all 
veterinary treatments were recorded. If gilts required isolation for treatment, they 
did not return to the group to prevent disruption and were removed from the trial. 
All gilts were slaughtered at d84 (~140kg, approximate target weight for 1st service).  
 
6.3.2 Diet formulations 
On d0 (i.e. when gilts weighed 64.05 kg; ±0.58) 18 pens of gilts were randomly 
assigned to one of the dietary regimes, DEV (n = 60 pigs, 6 pens), FIN (n = 60 pigs, 
6pens), and GES (n = 60 pigs, 6pens) as shown in Table 6.1. Treatment DEV involved 
ad-libitum access to diet 1 until d83 (Table 6.1 and 5.2). Diet 1 was a gilt developer 
diet with a high energy to lysine ratio (14.04 MJ of DE/kg, 0.75% lysine), high Ca and 
P levels and included a dietary supplement containing zinc, copper and manganese 
(Table 5.2). Treatment FIN involved ad-libitum access to diet 2 (13.54 MJ of DE/kg, 
1.02% lysine) until d83 (Table 6.1). Diet 2 was a standard finisher diet (Table 5.2). 
Treatment GES provided ad-libitum access to diet 2 (12.96 MJ of DE/kg, 0.69% 
lysine) until d28, followed by ad-libitum access to diet 3 until d83 (~140kg) to mimic 
the practice of flushing (Table 6.1). Diet 3 was a standard gestating sow diet (Table 
5.2). All feed was provided in dry pelleted form (3mm diameter). Diet 1 and 3 
provided Ca and digestible P that met NRC (2012) recommendations for growing 
gilts, Diet 2 was below the NRC (2012) recommendations for growing gilts.  
Table 6.1 Dietary regimes for group housed replacement gilts in three treatments 
from 65 to 140kg. 
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Weight 
range (kg) 
Dietary treatment 
DEV FIN GES 
65 – 100 Diet 1 (ad-libitum) Diet 2 (ad-libitum) Diet 2 (ad-libitum) 
100 - 140 Diet 1 (ad-libitum) Diet 2 (ad-libitum) Diet 3 (ad-libitum) 
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6.3.3 Measurements 
Locomotory ability and limb lesions were scored weekly in focal pigs. All gilts were 
weighed at d0, 29 and 83 of the experiment. Claw lesions were scored, in focal pigs, 
on d0, 42 and 83. Behaviour of focal pigs was recorded over 24hrs on weeks 1, 3, 6, 
9 and 12. For all gilts, carcass weight, backfat depth and muscle depth were 
recorded at slaughter (d84) and lean meat and dressing out percentages were 
calculated. The front right leg of each focal pig was removed at slaughter and frozen 
at -20°C. Dual-energy x-ray absorptiometry (DXA) analysis was used to measure 
areal bone mineral density (aBMD) and following this the limb was dissected to 
expose the joint surface lesions on the cartilage of the elbow joint for lesion scoring 
in all focal pigs. Multiple recording sheets were used (Appendix 5). 
 
6.3.3.1 Locomotory ability 
Locomotory ability was assessed using the gait and standing posture aspects of the 
protocol described by Main et al. (2000) and as in Chapter 5.  
 
6.3.3.2 Limb lesions 
Lesions were examined on all four legs. Lesions were categorised and scored as in 
KilBride et al. (2009a) and as described in Chapter 3.  
 
6.3.3.3 Claw lesions and uneven claw size  
Claw inspections were carried out as outlined in Chapter 5. Only the hind feet were 
examined. The scoring system used was a modified version of the FeetFirst™ claw 
lesion scoring guide (Zinpro Corporation) as described by Calderón Díaz et al. 
(2013).  
 
6.3.3.4 Body lesions 
Body lesions were examined as in O'Driscoll et al. (2013) and described in Chapter 4. 
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6.3.3.5 Behaviour 
Behaviour of focal pigs was recorded for 24 hour period using an Ozone V2 DVR 
with P400 600TVL bodied cameras. Animal marker ( oyle’s Animal Marker Spray, 
Coyle Vet. Products Ltd., Co. Galway, Ireland) was used to identify each focal pig 
with in each pen using both symbols and colours to aid identification. Recordings 
were watched back and analysed using instantaneous scan sampling at 10 minute 
intervals over the 24 hour period (Appendix 5). Four behaviours were recorded; 
standing, dog sitting, lying and feeding. Behaviours were then also classified into 
active (standing and feeding) and inactive (dog sitting, lying) behaviours. 
 
6.3.3.6 Slaughter 
Pigs were fasted for 14 hours prior to slaughter. On the d84 (day of slaughter), gilts 
were mixed and transported 90 km. Gilts were slaughtered by exsanguination post 
CO2 stunning. After evisceration, muscle depth and back fat thickness were 
measured as in Chapter 5 by the slaughtering facility staff. Lean content and carcass 
weight (cold) were calculated as in Chapter 5. The front right limb was dissected 
dorsal to the elbow joint, identified by a tag and frozen within 2 hours for DXA 
scanning and elbow joint surface cartilage scoring at a later date.  
 
6.3.3.7 Areal bone mineral density (aBMD) 
The front right limb was DXA scanned to determine aBMD (g/cm2) by a Hologic 
QDR-4500 Elite bone densitometer as per Chapter 5 and analysed using Apex 
software version 2.1.3 and 2.3.1. Two software versions were used due to a 
machine fault which resulted in the upgrading of the software mid-way through the 
trial, software version was included in analysis. 
 
6.3.3.8 Joint surface lesions 
The front right limb was dissected at the elbow joint to expose the humeral condyle 
(HC) and anconeal process (AP) as per Jørgensen et al. (1995), Christensen et al. 
(2010)and Busch and Wachmann (2011) and as described in Chapter 5.  
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6.3.4 Laboratory analysis of diets 
Representative samples of each diet were taken as per Chapter 5. Samples were 
ground using a laboratory hammer mill (Christy and Norris, Scunthorpe U.K.) 
through a 2 mm screen. Proximate and amino acid analyses were carried out by a 
commercial laboratory (Sciantec Analytical Services Ltd., Cawood, UK). 
 
6.3.5  Data management 
Data were entered into a Microsoft Access 2003 database by AQ. All data were 
checked for outliers and impossible values were checked against the raw data. 
 
6.3.6  Data analysis 
Lameness, limb lesions, body lesions, joint lesions, claw lesions and uneven claw 
size data were analysed using MlwiN 2.27 (Rasbash et al., 2012). Gilts were 
categorized as lame (score ≥2) or non-lame (≤1) and lesions (limb, body, claw and 
joint lesions) were classified as present or absent due to the lack of distribution of 
severity of lesions across the scoring systems. Multilevel mixed effects binary 
logistic regression was used to allow for repeated measures where by weeks were 
clustered within pig and pig was clustered within pen, therefore a three level 
random effect model was used. The model included ﬁxed effects of treatment and 
batch, and period where appropriate. All continuous variables were transformed in 
to categorical variables and checked for linearity, if a linear association was found 
the variables were reverted back to a continuous variable, otherwise they were left 
as categorical variables. The following model was used: 
 
Logit(pijk) = β0 + Σβxijk + Σβxjk + Σβxk + vk + ujk 
 
pij = the proportion of the litter that were affected (score ≥1) with the lesion being 
investigated, Logit= logit link function, β0= constant, βx = vector of fixed effects 
varying at level 1 (ijk), level 2 (jk), or level 3 (k), i = period, j= pig (i.e. litter), K= pen, 
vk= level 3 residual variance, ujk= the level 2 residual variance. 
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Data for body weight, aBMD, and behaviour of the four focal pigs in each pen were 
averaged and checked for normality. Data for carcass traits for all pigs in each pen 
were averaged and checked for normality. Body weight, aBMD and carcass traits 
(carcass weight, muscle, fat and lean meat content) were analysed in SAS V9.3 
(Statistical Institute Inc., Cary, North Carolina) using repeated measures one way 
ANOVA (Proc MIXED) for body weight and one way ANOVA (Proc MIXED) for aBMD 
and carcass traits, with treatment and batch included in the model and also period 
and weight at d0 in the analysis of body weight. Results are reported as least-square 
means ±standard error. Gilt behaviour data were non normal and were transformed 
by arcsine transformation and were analysed in SAS V9.3 (Statistical Institute Inc., 
Cary, North Carolina), using repeated measures one way ANOVA (Proc MIXED) 
Results are reported as least-square means ±standard error.  
 
6.4 Results 
6.4.1 Lameness 
The percentage of animals with locomotion scores ≥2 (i.e. lame) on at least one 
occasion during the experiment were: DEV = 37.5% (9/24), FIN = 66.7% (16/24) and 
GES = 58.3% (14/24) (Appendix 6). FIN gilts (OR 1.72; CI 1.19, 2.48) and GES gilts (OR 
1.73; CI 1.20, 2.49) had an increased risk of abnormal locomotion (score ≥1) in 
comparison to DEV gilts. FIN gilts had a significantly increased risk of being lame 
(score ≥2) in comparison to DEV gilts (OR 3.07; CI 1.23, 7.53). No association was 
found between lameness and OCD, limb lesions, body lesions, claw lesions, uneven 
claw size or bone mineral density. 
 
6.4.2 Limb lesions and body lesions 
There was no effect of treatment on limb lesions, however, gilts had an increased 
risk of capped hock and limb swellings in weeks 9 to 12 when compared to the 
initial inspection at d0 (Table 6.2). FIN gilts had an increased risk of lesions to the 
ear and GES gilts had an increased risk of lesions to the hindquarter than DEV gilts. 
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The risk of scratches to the limbs and body lesions to the ear, shoulder, flank and 
hindquarter were lower in weeks 1-5, and in weeks 5-8 for hindquarter only, when 
compared to the initial inspection at d0 (Table 6.3). 
 
6.4.3 Claw lesions and uneven claw size  
There was no effect of treatment on any of the claw lesions or on uneven claw size 
(Appendix 3). There was an increased risk of uneven toes in weeks 5-8 and 9-12 
than when compared to the initial inspection at d0. There was also an increased risk 
of heel overgrowth at inspection 2 (d29) and 3 (d83) when compared to the initial 
inspection at d0 (Table 6.4). 
 
6.4.4 Behaviour 
There were no differences in the proportion of time spent in each four postures 
(standing, feeding, lying, dog-sitting), or in the time spent active and inactive per 
treatment (Table 6.5). 
 
6.4.5 Body weight and carcass traits 
There was no effect of treatment on body weight and the carcass traits; carcass 
weight, back fat depth, muscle depth and lean meat percentage (Table 6.6). 
Average daily gain per day was similar between treatments on an average per pig 
per pen basis (DEV = 915.69 ±29.81, FIN = 912.89 ±21.40, GES = 925.25 ±22.71). 
Calculated feed intake per day did not differ between treatment on an average per 
pig per pen basis (DEV 2775.04g ±130.86, FIN 2882.05g ±93.54, GES 2793.70 
±123.66).  
 
6.4.6 Areal bone mineral density (aBMD) 
DEV gilts had significantly higher aBMD than FIN gilts, no difference was found 
between GES and other treatments (P<0.05) (Table 6.6). There was an effect of 
software on aBMD however numbers of pigs per treatment were balanced per 
software version.  
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6.4.7 Joint surface lesions 
The percentage of gilts which had any lesion in the joint cartilage of the humeral 
condyle were DEV = 100% (24/24), FIN = 96.8% (23/24) and GES = 100% (24/24) 
(Appendix 6). There was no effect of treatment on joint surface lesions scores of the 
humeral condyle. The percentage of gilts affected by OCD was DEV = 0% (0/24), FIN 
= 8.3% (2/24) and GES = 16.7% (4/24) respectively. The percentage of gilts which 
had any lesion in the joint cartilage of the anconeal process were DEV = 37.5% 
(9/24), FIN = 54.2% (13/24) and GES = 50.0% (12/24) (Table 6.7). There was no 
significant effect of treatment on joint surface lesions scores of the anconeal 
process. 
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Table 6.2. Multilevel binomial models of the risks associated with limb lesions; scratches, wounds, swellings, bursitis and capped hock for three 
dietary regimes for group housed replacement gilts from 65kg. 
    Capped hock Bursitis Swelling Wound Scratch 
Intercept Coefficient -2.8 -0.4 -0.6 -2.3 -0.5 
               
  
OR CI OR CI OR CI OR CI OR CI 
Treatment diet 
 
  
            
 
DEV 
               
 
FIN 1.13 0.41 3.09 0.85 0.45 1.59 1.29 0.60 2.77 0.96 0.53 1.73 0.85 0.60 1.21 
 
GES 1.20 0.44 3.27 0.68 0.36 1.29 0.76 0.35 1.65 1.05 0.59 1.87 1.34 0.95 1.88 
                 Period 
               
 
d0 
               
 
d1-28 0.24 0.05 1.25 0.91 0.53 1.55 1.15 0.59 2.25 0.84 0.30 2.40 0.32 0.18 0.55
 
d29 -56 2.00 0.57 6.94 0.72 0.42 1.23 1.34 0.69 2.57 1.05 0.38 2.93 0.77 0.46 1.31 
 
d57-83 4.19 1.24 14.09 0.64 0.38 1.11 2.07 1.08 3.94 1.68 0.63 4.53 1.18 0.70 1.99 
                 Batch 0.92 0.69 1.23 0.84 0.14 5.21 1.19 0.95 1.48 0.93 0.79 1.10 1.07 0.96 1.18
                 Random effects Var SD 
 
Var SE 
 
Var SE 
 
Var SE 
 
Var SE 
 
 
Pen 0.0 0.0 
 
0.0 0.0 
 
0.2 0.2 
 
0.0 0.0 
 
0.0 0.0 
  Pig 1.9 0.5 
 
0.88 0.2 
 
0.6 0.2 
 
0.0 0.0 
 
0.0 0.0 
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Table 6.3. Multilevel binomial models of the risks associated with body lesions to the ear, shoulder, flank, hindquarter, tail and vulva for three 
dietary regimes for group housed replacement gilts from 65kg. 
 
    Ear Shoulder Flank Hindquarter Tail Vulva 
Intercept 
Coefficient -1.36 0.22 0.81 0.3 -0.84 0.74 
                    
  
OR CI OR CI OR CI OR CI OR CI OR CI 
Treatment 
                  
 
DEV 
                  
 
FIN 1.56 1.01 2.41 0.74 0.46 1.17 0.95 0.67 1.34 1.27 0.83 1.95 1.09 0.70 1.68 0.69 0.32 1.49 
 
GES 1.43 0.92 2.22 1.00 0.63 1.59 1.16 0.82 1.65 1.67 1.09 2.57 0.96 0.62 1.50 0.94 0.46 1.93 
                    Period 
                  
 
d0 
                  
 
d1-28 0.28 0.15 0.53 0.32 0.18 0.58 0.47 0.27 0.80 0.39 0.23 0.67 0.29 0.15 0.53 0.16 0.03 1.00
 
d29-56 0.65 0.34 1.22 0.71 0.40 1.27 0.76 0.44 1.30 0.79 0.46 1.35 0.55 0.33 0.91 1.35 0.38 4.85 
 
d57-83 0.86 0.46 1.64 1.24 0.00 46.18 1.49 0.86 2.59 1.34 0.78 2.32 0.85 0.48 1.50 2.10 0.61 7.28 
                    Batch 0.97 0.85 1.10 0.92 0.80 1.05 1.05 0.95 1.17 0.87 0.77 0.98 1.00 0.88 1.14 1.01 0.81 1.25
                    Random 
effects 
Var SE
 
Var SE
 
Var SE
 
Var SE
 
Var SE
 
Var SE
 
 
Pen 0.06 0.05 
 
0.60 0.06 
 
0.00 0.00 
 
0.60 0.05 
 
0.00 0.00 
 
0.00 0.00 
  Pig 0.00 0.00  0.07 0.08  0.33 0.06  0.00 0.00  0.00 0.00  0.00 0.00  
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Table 6.4. Multilevel binomial models of the risks associated with uneven toes and the claw lesions; heel overgrowth and heel-sole separation 
for three dietary regimes for group housed replacement gilts from 65kg. 
    Uneven toes Heel overgrowth Heel-sole separation 
Intercept Coefficient 1.48 -1.95 -0.41 
           
  
OR CI OR CI OR CI
Treatment 
          
 
DEV 
        
 
FIN 1.37 0.44 4.26 1.10 0.39 3.08 2.08 0.74 5.83 
 
GES 2.58 0.81 8.26 1.34 0.48 3.77 1.89 0.67 5.32 
           Inspection 
          
 
1 
         
 
2 0.10 0.04 0.30 14.30 6.20 32.97 0.72 0.28 1.85
 
3 0.09 0.03 0.26 31.82 12.50 81.01 1.10 0.46 2.65 
           Batch  
 
1.17 0.84 1.63 1.04 0.77 1.40 0.73 0.55 1.95
           Random effects Var SE
 
Var SE
 
Var SE
 
 
Pen 0.48 0.35 
 
0.07 0.30 
 
0.00 0.00 
  Pig 0.24 0.42  0.85 0.60  0.53 0.52  
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Table 6.5. Effect of three dietary regimes for group housed replacement gilts on behaviour (LSM1 ±SEM) from 65 to 140kg. 
 
Treatment 
 
T DEV v. FIN DEV v. GES FIN v. GES 
Behaviour DEV FIN GES SEM P-value P-value P-value P-value 
         Lying 88.4 87.5 87.7 0.01 0.47 0.24 0.38 0.76
Dog 
Sitting 
1.7 1.5 1.7 0.01 0.85 0.61 0.90 0.63 
tanding 5.3 6.2 5.5 0.01 0.32 0.15 0.68 0.29 
Feeding  3.5 3.7 3.9 0.01 0.67 0.64 0.38 0.67 
Active 9.1 10.3 9.8 0.01 0.26 0.11 0.31 0.53 
Inactive 90.6 89.5 90.0 0.01 0.28 0.12 0.33 0.52 
1LSM = least squares mean. 
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Table 6.6. Effect of three dietary regime for group housed replacement gilts on aBMD, body weight and carcass traits (LSM1 ±SEM) from 65 to 
140kg. 
    DEV FIN GES SEM T DEV v. FIN DEV v. GES FIN v. GES 
aBMD 
 
0.95 0.87 0.93 0.025 0.13 0.05 0.51 0.16 
Weight, kg
        
 
Day 0 63.8 64.9 64.1 2.24 
 
0.72 0.91 0.81 
 
Day 29 96.7 98.8 99.3 2.24 
 
0.52 0.41 0.86 
 
Day 83 138.9 143.69 141.2 2.24 
 
0.14 0.46 0.44 
          Carcass weight, kg 108.0 111.6 108.8 2.25 0.51 0.28 0.82 0.39 
Lean meat, % 59.4 60.9 60.9 1.62 0.77 0.53 0.54 0.99 
Muscle, mm 56.2 57.1 54.9 1.29 0.50 0.63 0.49 0.25 
Fat, mm   16.7 16.9 17.0 0.87 0.97 0.88 0.80 0.91 
1LSM = least squares mean. SEM  
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6.5 Discussion 
This study is the first to examine the effect of ad-libitum feeding a novel gilt 
developer diet, specifically formulated for replacement gilts, on limb and claw 
health in group housed gilts. Any improvement in limb and claw health will 
ultimately improve gilt/sow welfare prior to service and may potentially reduce 
culling for limb/claw related problems. This novel gilt diet reduced lameness, and 
increased aBMD.  
 
High levels of lameness were reported in the current study in FIN gilts (66.7%) and 
GES gilts (58.3%) when compared with DEV gilts (37.5%), similarly to results in 
Chapter 5. In this instance, however, lameness incidence in DEV gilts was higher 
than those reported in Chapter 5. This higher levels of lameness may be a result of a 
larger sample size as well as the effect of group housing on lameness levels as a 
result of social interaction. The lameness levels for all three feeding regimes are 
also higher than those previously reported in replacement gilts, 9.9% in Heinonen et 
al. (2006) and 18.9% abnormal gait prevalence in KilBride et al. (2009a) on partially 
slatted flooring. However, as previously mentioned in Chapter 5, these studies 
report point prevalence while this study reports cumulative incidence.  
 
As previously mentioned the previous studies have linked lameness and 
osteochondrosis, infectious arthritis and physical injury, such as; claw lesions, joint 
lesions, muscle damage, tendon damage and bone fractures (Jensen et al., 2007; 
Jensen and Toft, 2009). However, locomotory ability and lameness were not 
however associated with claw lesions, limb lesions, joint lesions and bone mineral 
density as measure of limb health in this study. 
 
Beneficial effects of an ad-libitum provision of a gilt developer diet in DEV gilts on 
aBMD were observed. No such effect was reported in Chapter 5 when the 
developer diet was restrictively fed to DEV gilts, but feed restriction has previously 
been linked with aBMD decline (Weremko et al., 2013). DEV and GES gilts were 
provided with Ca and digestible P by their feeding regime that met the NRC (2012) 
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recommendations for replacement gilts while the FIN gilts feeding regime was 
below the NRC (2012) Ca and digestible P recommendations for gilts. This difference 
is most likely due to the ad-libitum access of the developer diet as feed intake of the 
developer diet was higher than in Chapter 5. 
 
In the current study no beneficial effects of ad-libitum feeding a gilt developer diet 
(diet 1) on joint lesions were observed, unlike Chapter 5, whereby the gilt developer 
treatment was restrictively/limit fed to DEV gilts, this differential is most likely the 
result of lower initial growth rates when gilts were restrictively fed a developer diet, 
which was not the case when ad-libitum access was provided (Carlson et al., 1988; 
van Grevenhof et al., 2011). Busch and Wachmann (2011) reported a 20% increase 
in the risk of joint lesion occurrence for every 100g increase in ADG during the 
weaner and finisher period. Reducing growth rate reduces the loading pressure on 
the joints which is particularly important in developing animals (Nakano and 
Aherne, 1988; Carlson et al., 1991; Ytrehus et al., 2004). Therefore implementation 
of an ad-libitum feeding regime of a developer diet eliminated the beneficial effect 
of the diet on joint lesions when restricted fed.  
 
In chapter 5, there was no effect of dietary regime on limb and claw lesions. This 
was despite the gilt developer diet (diet 1) being highly fortified with an additional 
source of Zinc, Copper and Manganese. The overall prevalence of severe limb and 
claw lesions was low in this study compared to what is seen in other group housed 
pigs (Pluym et al., 2011). The length of provision of the treatments whereby the 
developer diet which was supplemented with chelated organic zinc, copper and 
manganese and elevated calcium and phosphorous may not have been sufficient to 
alter claw lesion prevalence as other studies have reported supplementation of 
minerals for 6 and 12 months in order to influence claw lesions may be required 
therefore the potential benefits of gilt nutrition on claw health may be evident in 
the breeding herd as a result (Brooks et al., 1977; Pötzsch et al., 2003). 
 
No evidence of behavioural alterations was observed despite DEV gilts having 
significantly improved locomotory ability than FIN and GES gilts. This study 
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hypothesized that lameness alterations as a result of gilt feeding regime would alter 
postural and time at inactive and active behaviors based on the findings in broiler 
chickens of Weeks et al. (2000) and Kestin et al. (1992) and previous work in sows 
(Bonde et al., 2004; Velarde and Geers, 2007; Valros et al., 2009; Calderón Díaz and 
Boyle, 2014). Anil et al. (2009) also suggested that lameness affects the expression 
of a pig natural behaviour. However, in the current study, only mild lameness was 
observed. Therefore the discomfort and pain of mild lameness may not be above 
the threshold of lameness inflicted pain to result in behavioural alterations.  
 
6.6 Conclusion 
In conclusion, ad-libitum feeding a diet specifically formulated for developing gilts 
from 65kg resulted in reduced lameness and increased aBMD but unlike restricted 
feeding no effect was found on claw or joint lesions. Ad-libitum feeding a gilt 
developer diet did not alter postural behaviours. These improvements could 
translate to improved gilt/sow welfare and increased sow longevity and productivity 
within the breeding herd. 
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Chapter 7 
General discussion 
7.1 Introduction 
In this Chapter key findings of the thesis are outlined, and the implications of these 
findings for stakeholders in the pig industry examined. The limitations of the work 
are highlighted as well as areas warranting further investigation. The overarching 
aim of the study was to determine the prevalence and risk factors for lameness, 
limb and claw lesions as well as to investigate the effects of gilt nutrition on 
indicators of limb health.  
 
The cross-sectional survey (Chapters 2, 3 and 4) is the first to examine the 
prevalence and risk factors for lameness, limb and claw lesions in pigs of all stages 
of production on commercial farms in Ireland. It was the first outside the UK, and 
the largest cross-sectional study to date of indoor intensive housing systems. 
Twenty four percent of Irish pig farms distributed across representative herd sizes 
and geographic locations were sampled, which was a larger sample size of intensive 
indoor pig production systems than that of Kilbride (2008). Hence this study was 
more representative of European pig farming outside of the UK, where outdoor 
management of pigs is rare. The inclusion of individual as well as group housing 
systems for pregnant gilts and sows provides findings of international relevance 
because sows are still kept in stalls in many countries. In addition, a larger 
proportion of lactating sows was sampled on each farm (Chapter 4) compared with 
KilBride (2008), which increased the statistical power for this group.  
 
In relation to gilt nutrition (Chapters 5 and 6), previous studies have investigated 
effects on future reproductive performance (Sørensen et al., 1993; Levis et al., 
1997; Gill and Taylor, 1999; Klindt et al., 1999; Miller et al., 2011; Knauer et al., 
2012). However, no studies to date have examined the potential benefits of 
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restricted diets on limb health, which could ultimately improve sow longevity as a 
consequence of reduced limb-related culling and performance.  
 
7.2 Key findings, implications and further work 
7.2.1 Lameness  
One of the key findings of this thesis is the high prevalence of lameness in finishers, 
gilts and sows in Irish production systems (Chapters 3 and 4). These levels of 
lameness are detrimental to the pig production industry due to their effects on 
productivity and welfare, and the serious ethical concerns arising as a consequence 
(Dewey et al., 1993; Anil et al., 2002;2005; Kirk et al., 2005; Jensen et al., 2007; 
Mustonen et al., 2011; Pluym et al., 2011). The prevalence of lameness in finishers 
(32%) (Chapter 3), replacement gilts (39%), pregnant gilts (41%) and sows (42%) 
(Chapter 4), is considerably higher than that previously reported in other studies: 
finishers (2-20%) replacement gilts (11%), and sows (5-17%) (Heinonen et al., 2006; 
Petersen et al., 2008; KilBride et al., 2009a; Pluym et al., 2011; Ellingson et al., 2012; 
Pluym et al., 2013a; Willgert et al., 2014). However, this may be partially related to 
different scoring systems used for locomotory ability, which have different 
thresholds for lameness. The low threshold for lameness in the scoring system used 
in this thesis was applied because even slight alterations to gait and posture may 
affect a pigs biological functioning, such as the ability to compete for resources like 
feed and water (Heinonen et al., 2013). This study defined lameness as any 
deviation from normal locomotion beyond stiffness of movement, and was similar 
to that used in previous experiments (Mustonen et al., 2011; Calderón Díaz et al., 
2013). Contrarily other studies have considered lameness to be when more overt 
evidence of pain within a limb was displayed (e.g. limping) (Pluym et al., 2011; 
Temple et al., 2011; Temple et al., 2013). However, the prevalence of lameness in 
this study remains higher than the only previous study to date to quantify lameness 
in these groups (KilBride et al., 2009a), despite the fact a lower threshold for 
lameness was used in the previous study.  
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The width of voids between the slats in finisher pens was the only environmental 
factor which influenced lameness (Chapter 3). This lends support to EC Council 
Directive 2008/120/EC which states that slat voids for finishers should be no wider 
than 18mm. Voids which are too wide do not provide suitable support for the foot, 
thus making it more susceptible to injury and increasing uneven weight bearing of 
the foot pad, which may result in altered gait and potential lameness (Baxter, 1984; 
Mouttotou et al., 1999a; Straw et al., 2006). Additionally Chapter 3 highlights that 
the average slat void of the farms sampled in this study (20mm) is in excess of the 
EC Council Directive 2008/120/EC minimum requirements highlighting a concern 
over large scale non-compliance. It is worth considering however, the background 
of the development of these minimum requirements are unknown and appear not 
to be based on the scientific literature as there is a dearth of information on the 
topic.  Future work into the effect of void and slat width on limb health in all age 
categories of pigs may provide valuable information on the suitability of the current 
requirements. 
 
The only management procedure measured that influenced lameness in finishers 
was frequency of pen washing (≥4 times per year), which reduced lameness. This 
association is likely the result of a reduced pathogen level in the environment, as 
dirty pens have previously been associated with infected claw lesions which could 
result in lameness (Heinonen et al., 2006; Cook and Nordlund, 2009). With regard to 
replacement gilts, the only management related risk factor was that there was a 
reduced risk of limb swellings when gilts were separated from finishing stock before 
90kg (i.e. prior to sale of terminal stock). The reason for this association is unclear 
and requires further research. It may be a result of reduced antagonistic behaviours 
in single sex pens, (Björklund and Boyle, 2006; Boyle and Björklund, 2007) or 
perhaps an awareness of the benefits of housing gilts separately during 
development reflects a heightened awareness of, and better gilt management.  
 
Chapter 4 demonstrated the high prevalence (39%) of lameness in replacement gilts 
inspected in this study. This suggests that for most Irish pig producers the selection 
of lame gits as replacement breeding stock is unavoidable, as approximately 90% of 
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the replacement gilt pool is generally selected for service. This high prevalence is 
supported by a recent study conducted in Ireland by Calderón Díaz (2013); in that 
experiment 39% of replacement gilts were lame on entry to the breeding herd. 
Compromised limb health at entry to the herd makes a sow more susceptible to 
early removal, reduced litter size and a reduced number of litters per sow (Dewey 
et al., 1993; Grandjot, 2007; Anil et al., 2008;2009; Wilson et al., 2009; Pluym et al., 
2011). In this survey replacement gilts were consistently housed in suboptimal pens 
for limb health, according to previous research (Gjein and Larssen, 1994; Mouttotou 
et al., 1999a; Scott et al., 2006; KilBride et al., 2009a). In general, gilts were housed 
in largely fully slatted or partially slatted flooring without bedding, similar to 
terminal line stock which have a considerably shorter life span. The use of more 
comfortable floor surfaces such as rubber (Calderon et al., 2014) or bedding may 
prove beneficial to herd performance, despite the associated costs or increased 
labour (Kroneman et al., 1993; Andersen and Bøe, 1999; Tuyttens, 2005; KilBride, 
2008). 
 
Lameness levels were substantially higher in the group housed systems (48%) 
compared to gestation stall systems (30%). The higher level of lameness associated 
with group housing systems in comparison with the use of gestation stalls is likely 
an indirect result of aggression between sows on slatted and unbedded floor types, 
which were common on the farms included in this study i.e. fully or partially slatted 
flooring with no provision of bedding. Such underfoot conditions are a major risk 
factor for lameness (Gjein and Larssen, 1994; Mouttotou et al., 1999a; Scott et al., 
2006; KilBride et al., 2009a). Hence, this study supports the prediction that a 
substantial increase in sow lameness will have occurred as a result of the transition 
to group housing in response to the EC Directive 2008/120/EC, particularly in 
Ireland and other countries where such flooring predominates. This information is 
extremely valuable for countries currently considering group housing options such 
as the USA, Australia and Canada, and may be valuable to guide future legislative 
decisions. Additionally, this study highlights that identification of alternative 
flooring systems to improve limb health suitable for intensive production systems is 
required, as currently the predominant flooring systems are an ethical concern. 
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The finding that few management factors were associated with lameness may be 
due to the limitations of assessing such an association with a questionnaire, in 
conjunction with the limitations of obtaining information on management 
parameters with a single visit to each farm. For example, there was no opportunity 
to observe management routines which may influence limb health, such as 
observing pigs being moved by stock persons, sows being mixed or feeding events. 
It was only possible to capture information at an individual time point, and not 
possible to accurately record details of all management practices within the farm 
questionnaire. Future work quantifying lameness, claw and limb injuries prior to 
and post influential management events (e.g. transfers, mixing and feeding) may 
reveal more information about the association between lameness and other limb 
injuries. Identification of influential management parameters would provide 
valuable information on improved farm practices to reduce the current limb health 
issue.  
 
The nutritional studies (Chapters 5 and 6) were conducted in response to growing 
concerns regarding high levels of lameness in replacement gilts (Boyle et al., 2010) 
and culling due to lameness of young sows (D'Allaire et al., 1987; Lucia et al., 2000; 
Stalder et al., 2000). The need for investigation of such strategies was supported by 
the findings of Chapter 4, where high levels of lameness in gilts were confirmed. 
Both these Chapters provide evidence that feeding a diet specifically formulated for 
developing gilts reduces lameness levels when compared to the two most 
commonly practiced feeding regimes, feeding a diet formulated for finisher pigs to 
replacement gilts through development until service or to switch from a finisher 
diet to a gestating sow diet at the end of the finishing period (Boyd et al., 2002). 
Lameness levels in gilts on the developer diet were higher when these animals were 
kept in groups (Chapter 6), rather than when individually housed (Chapter 5). This 
result supports the survey findings reported in Chapter 4, whereby group housing 
appeared to partially dilute the beneficial effect of the dietary regime on lameness 
indicators. Restrictively feeding a gilt developer diet during early development also 
reduced joint lesion prevalence. This was likely due to lower initial growth rates 
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compared with ad-libitum feeding throughout development (Carlson et al., 1988; 
van Grevenhof et al., 2011). This finding was not replicated when ad-libitum access 
to the same diet was provided in Chapter 6. Additionally, an increase areal bone 
mineral density when gilts were ad-libitum (Chapter 6) rather than restricted 
(Chapter 7) fed a gilt developer diet was likely due to a higher feed intake of a Ca 
and P fortified diet.  
 
The lack of association between lameness and the limb health indicators 
investigated in Chapters 3 and 4 highlights a requirement for further lameness 
indicators to be identified, so that further factors contributing to lameness can be 
identified. The limitations of osteochondrosis detection through the use of visual 
scoring methods was also highlighted, as mild, moderate and severe joint lesions 
were not reflected in locomotory ability in this study. As joint lesions have 
previously been associated with stiff movements and out turned fore legs, 
(Jorgensen and Andersen, 2000; Jørgensen and Nielsen, 2005; Kirk et al., 2008; 
Jensen and Toft, 2009; de Koning et al., 2012). The identification of non-invasive 
methods of osteochondrosis detection could provide commercially valuable 
information regarding its development. Such methods could include the monitoring 
of more subtle changes in gait through the use of kinematics, footprint analysis and 
weight distribution analysis (Nalon et al., 2013). Future work could examine in more 
detail the beneficial effects of a gilt diet designed to specifically improve gilt limb 
health, its effectiveness in commercial conditions, and whether improvements 
persist over multiple parities. Quantification of longevity and production benefits 
will also have significant commercial value.  
 
7.2.2 Limb and foot lesions 
Chapter 2 provides the first information on the prevalence of coronary band 
damage and associated risk factors in piglets. There was a high prevalence of 
damage to the coronary band in piglets of less than one week of age (19%), which 
then decreased with increasing age. This lesion is of high biological importance as it 
compromises immediate piglet welfare as a result of pain and potential for 
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infection, which in turn could have longer term welfare and productivity 
implications (KilBride et al., 2009b). Additionally, in piglets, weaners, finishers, gilts 
and sows (Chapters 2, 3, and 4), a similarly influential lesion, limb and foot 
swellings, was quantified. Swellings have the potential to reduce pig welfare as they 
are the result of an inflammatory response, which is associated with pain and 
reduced performance. Thus prevalence should be kept to a minimum (Johnson, 
1997; Reichlin, 1999; Lucia et al., 2000; Mülling and Greenough, 2006; Anil et al., 
2009; Wilson et al., 2009; Ossent, 2010; Wilson et al., 2010; Wilson and Ward, 
2012). 
 
Floor type, particularly floor material, influenced the prevalence of both limb and 
foot lesions. In relation to piglets it seems the development of certain lesions types 
such as skin abrasions appears to be unavoidable with unbedded indoor systems. 
The use of oval slatted plastic floors in the piglet area of the farrowing pen 
however, were associated with a lower risk of sole bruising, probably as a result of 
improved support for the foot pad. Metal slats on the other hand (Gregory and 
Grandin, 2007) were associated with an increased risk of coronary band damage, 
sole erosion and limb swellings, probably due to their abrasive properties. In 
Chapter 2 the presence of swellings in piglets was associated with lesions that allow 
for the entry for pathogens, thus causing infection resulting in an inflammatory 
response (Penny et al., 1971; Mouttotou and Green, 1999b; Knura‐Deszczka et al., 
2002; Straw et al., 2006; KilBride et al., 2009b). It is therefore important to reduce 
the prevalence of lesions which penetrate the epidermis, such as sole erosion and 
coronary band damage, in an effort to reduce limb infection. The results from 
Chapter 2 suggest that avoiding the use of metal slats in both the piglet and sow 
areas of the lactation pen should be recommended to reduce lesions associated 
with infection and the most potential for reduced welfare. Previous research 
indicates that use of alternative flooring material to metal, such as the addition of 
bedding or rubber mats, may prove beneficial to limb health (Gravås, 1979; Furniss 
et al., 1986; Mouttotou et al., 1999c; KilBride et al., 2009b).  
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Limb and foot lesions in weaner and finisher pigs may also be affected by the pen 
floor type (Chapter 3). Concrete slats were associated with a higher risk of certain 
limb lesions, scratches, wounds and alopecia in weaners. This is likely related to the 
high abrasiveness of concrete flooring compared with plastic; indeed concrete has 
been previously associated with other lesions such as callus, bursitis and capped 
hock (Cagienard et al., 2005; Gillman et al., 2008; KilBride et al., 2008). The use of 
partially slatted flooring in finishers as opposed to fully slatted flooring was 
associated with an increased risk of alopecia, scratches and wounds to the limbs. It 
is hypothesised this may be related to the use of solid areas to create functionally 
distinct lying zones in pens away from desirable resources (feeders, drinkers, 
environmental enrichment) to prevent interrupted lying behaviour making pigs less 
likely to be interrupted (stood upon or encourage aggression) (Boyle et al., 2012; 
Levis et al., 2013). 
 
Changing floor materials to those more favourable to good animal welfare involves 
significant financial investment, which would then require a reciprocal financial 
saving as a result of improved productivity/longevity and reduced mortality to be 
justifiable from a producers perspective. As the link between limb and foot lesions 
and productivity, particularly in terminal line stock, is poorly understood, research 
into this area is required in order to allow for a cost benefit analysis. Additionally, 
results from this study could guide future legislative decisions regarding minimum 
flooring standards for pigs, for example in relation to flooring material, whereby the 
use of floor types hazardous for pig heath could be prohibited, or the use of 
bedding of some form made a requirement.  
 
Limited environmental risk factors for reducing lameness, limb and claw lesions in 
weaners, finishers, gilts and sows were identified (Chapters 3 and 4). This may be a 
reflection of the intensive housing systems operated in Ireland; slatted flooring 
predominates and bedding is not provided, and both these factors are linked to 
reduced lameness and limb and claw lesions (Gravås, 1979; Furniss et al., 1986; 
Mouttotou et al., 1999c; Lewis et al., 2005; KilBride et al., 2009b; Zoric et al., 2009). 
This results in a high uniformity of pen types throughout Ireland which hinders risk 
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factor identification and also limits the ability of these farms to reduce the 
prevalence of these injuries, without significant change to the existing 
infrastructure.  
 
Factors influencing the development and healing of lesions throughout a pig’s life 
are still unclear. A cohort study following piglets over time could examine the 
development and progression of limb lesions and lameness from birth to slaughter 
for terminal line stock, and birth through several parities for maternal line stock. 
This may reveal if lesions remain the same, become more severe, or heal over time, 
and how the physical environment affects recovery.  
 
7.3 Limitations of the research 
The cross-sectional study carried out (Chapters 2, 3 and 4) sampled 24% of Irish pig 
farms distributed across representative herd sizes and geographic locations. The 
farms that were used in this study were sourced from a database of farmers who 
opted to be clients of the Teagasc advisory service. The results collected may thus 
be biased towards herds that are more production and health focused than the 
average, as they are using advice from pig development specialists on a regular 
basis. It is thus possible that the findings presented in this thesis underestimate the 
national prevalence of the lesions examined. A limitation of a cross-sectional study 
design (Chapter 2, 3 and 4) is the difficulty associated with determining cause and 
effect. This study attempted to overcome this limitation through the sampling of 
multiple age groups per category, to identify trends with age and trends with 
environment over time (dose effect), and indeed some trends were observed.  
 
A low level of severe lameness and claw lesions (i.e. amputated toes and dewclaws) 
was observed in finishers, gilts and sows (Chapters 3 and 4). While it is possible that 
these severe injuries have a low prevalence, it is more likely that these injuries were 
underestimated because severely injured or lame pigs (i.e. ≥ score 3, in this study) 
are removed from the pen for treatment, or in extreme cases culled. As this is a 
cross-sectional study, only taking a snap shot of lameness on each farm on a single 
 165 
 
visit, it is difficult to obtain a representative sample of the range of lameness on 
farm. A potential way to overcome this may be to include “hospital pens” in future 
studies. 
 
In relation to Chapters 5 and 6 whereby gilt developer diets were provided as 
alternative feeding regime, several factors (energy and lysine ratio and Ca, P, Zn, 
Mg, Cu content) varied from the two most commonly fed regimes. This makes it 
difficult to attribute the beneficial aspects of the diet to a specific component. 
Future work could alter aspects of the developer diet formulation to examine if the 
potential for further beneficial effect on lameness, joint lesions and aBMD.
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Chapter 8 
Overall conclusions 
 
The results from the cross-sectional survey and trials conducted for this thesis 
provide valuable information in relation to lameness, limb and claw lesion 
prevalence and their risk factors as well as the potential limb health benefits of 
feeding a specifically designed gilt developer diet. It can be concluded that: 
 
 The prevalence of severe foot and limb lesions in commercial farms in 
Ireland is high and is a substantial welfare concern. 
 Severe lesions in piglets, including sole erosion, coronary band damage and 
swellings, could be reduced by avoiding the use of metal flooring in both the 
piglet and sow areas of the farrowing pen.  
 Very high levels of lameness in finisher pigs were observed and were 
influenced by both a slat void width of greater than 20 mm and pen 
cleanliness (cleaned more than 4 times per year).  
 A high lameness prevalence was observed in pregnant gilts and sows, 
particularly those that were group housed. However, owing to the lack of 
variation between systems in which such animals were kept, no other 
environmental or management risk factors were identified. 
 The high prevalence of lameness in replacement gilts is a substantial welfare 
and economic concern due to their value and important role as the future 
breeding herd.  
 Feeding a diet specifically formulated for developing replacement gilts 
reduced lameness levels when compared to the two most commonly 
practiced feeding regimes for developing gilts.  
 Restrictive feeding a gilt developer diet during gilt development reduced 
joint lesion prevalence and claw unevenness, while no such joint lesion and 
claw benefits were observed when ad-libitum feeding during development, 
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however an increase in areal bone mineral density was observed in the 
latter situation. 
 
These conclusions provide valuable information for key decision making groups and 
practically in relation to farm decisions (management, pen design and nutrition) for 
pig producers. This consequently provides the potential to improve limb health 
throughout the development stage and ultimately lead to improved welfare.  
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Appendices 
Appendix 1- Sample recording sheets for cross-sectional survey of limb 
health 
Appendix 1.1 Sow Recording sheet  
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Appendix 1.2 Piglet recording sheet  
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Appendix 1.3 Weaner recording sheet 
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Appendix 1.4 Finisher recording sheet 
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Appendix 1.5 Pen environment recording sheet 
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Appendix 1.6 On farm questionnaire 
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Appendix 2 - Definitions of limb, joint and claw lesions 
 
Lesion Description 
Limb abrasion Disruption to outer limb epidermis, with an open wound or healing 
scab (Mouttotou et al., 1999; KilBride et al., 2009).  
Sole bruising Dark red pigmentation of solar corium (Mouttotou and Green, 1999; 
KilBride et al., 2009). 
Sole erosion Loss of sole tissue causing an irregular depression in solar corium 
(Mouttotou and Green, 1999; KilBride et al., 2009). 
Coronary band damage Epidermis disruption at coronary band presenting as an open or 
healing wound. 
Callus Hyperkeratinosis of the epidermis resulting in a thickened area 
(Cagienard et al., 2005; KilBride et al., 2008). 
Alopecia Hairless patch on the limb, epidermis not disrupted, no scab 
(Mouttotou et al., 1999; KilBride et al., 2009). 
Alopecia flank Hairless patch on the flank, epidermis not disrupted, no scab 
(Mouttotou et al., 1999; KilBride et al., 2009). 
Scratch Superficial disruption to the epidermis. 
Wound Open wound or wound with scab. 
Swelling Any swelling to the limb or foot. 
Bursitis A fluid filled sac of the subcutaneous connective tissue on the limb 
(Mouttotou et al., 1999a; Gillman et al., 2008).  
Capped hock A fluid filled sac of the subcutaneous connective tissue at the hock 
(Mouttotou et al., 1999a; Gillman et al., 2008).  
Overgrown toe Lateral claw, medial claw or both elongated (Ossent, 2010). 
Overgrown dew claw One or both dew claws elongated (Ossent, 2010). 
Broken toe Partial removal of the medial or lateral claw (Ossent, 2010). 
Broken dew claw Partial removal of the dew claw (Ossent, 2010). 
Amputated toe Complete removal of the medial or lateral claw 
Amputated dew claw Complete removal of the dew claw. 
Uneven claw size Unequal medial and lateral claw. 
Heel Overgrowth Hyperkeratinisation of the heel (Ossent, 2010). 
Heel Erosion Partial removal of heel tissue (Ossent, 2010). 
Heel-Sole separation Separation at the junction of the heel and sole (Ossent, 2010). 
White Line separation Separation at the white line (joining of sole and hoof wall). 
Horizontal Wall crack Horizontal crack present in the medial or lateral claw wall (Ossent, 
2010).  
Vertical Wall crack Vertical crack present in the medial or lateral claw wall (Ossent, 
2010). 
Dew claw crack Vertical or horizontal crack in the dew claw(Calderón Díaz et al., 
2013). 
Joint lesion Irregularity or invagination of the cartilage (Busch and Wachmann, 
2011). 
Osteochondrosis 
dissecans 
Cartilage has become separated from the underlying bone 
(Busch and Wachmann, 2011). 
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Appendix 3 – Sample photos of lesions 
Appendix 3.1 Piglet Limb and foot lesions 
 
 
Skin Abrasions 
 
 
Sole bruising 
 
 
Coronary band lesion and Foot swelling 
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Appendix 3.2 Limb Lesions 
 
 
Alopecia flank 
 
 
 
Callus and swelling 
 
 
 
Abcess 
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Appendix 3.3 Sample claw lesions 
 
 
Overgrown toes 
 
 
 
Overgrown toe and dew claw and broken toe 
 
 
 
Heel overgrowth 
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Heel/Sole separation 
 
 
White line lesion 
 
 
Amputated dew claw 
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Appendix 4 - Scoring systems 
Appendix 4.1 Lameness scoring system (as adapted from Main et al.1999) 
 
0 1 2 3 4 5 
Initial 
response to 
human 
Bright, alert & 
responsive 
Bright, alert & 
responsive 
Bright, alert & 
responsive 
Bright , less 
responsive 
May be dull (only rises 
if strongly motivated) 
Dull & 
unresponsive 
Response 
after 
opening 
gate 
Inquisitive, will 
tentatively leave pen 
Inquisitive, will 
tentatively leave pen 
Inquisitive, will 
tentatively leave pen 
Often last to 
leave pen 
Unwilling to leave 
familiar environment 
No response 
Behaviour 
of 
individual 
within 
group 
Freely participates in 
group activity 
Freely participates in 
group activity 
May show mild 
apprehension to 
boisterous pigs 
May show mild 
apprehension to 
boisterous pigs 
Try’s to remain 
separate from others 
within groups 
Distressed by 
other pigs, 
unable to 
respond 
  
Stands squarely on 
all four legs 
Stands squarely on 
all four legs 
Uneven posture 
Uneven posture. 
 on’t bear 
weight on 
affected limb  
Affected limb 
elevated off floor  
 on’t stand 
unaided 
Standing 
posture 
  
Even strides: Caudal 
body sways slightly 
while walking. Can 
accelerate & change 
direction rapidly 
Abnormal stride 
length. Movement 
no longer fluid: pig 
appears stiff. Can 
accelerate & change 
direction 
Shortened stride. 
Lameness detected. 
Swagger of caudal 
body while walking. 
No hindrance in 
agility 
Pig may not 
place affected 
limb on the 
floor while 
moving 
Shortened stride. Min 
weight bearing on 
affected limb. 
Swagger of caudal 
body while walking.  
Does not move 
Gait 
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Appendix 4.2 Body lesion scoring system (as adapted from O’Driscoll et al. 2013) 
 
Score Description 
0 No lesion in the area 
1 1 small, superficial lesion 
2 + 1 small superficial lesion or 1 red lesion 
3 + 1 red lesion 
4 1 deep red lesion 
5 +1 deep red lesion or 1 big lesion 
6 + 1 big lesion 
 
 
 
 
Score 1-1 small, superficial lesion 
 
 
Score 2- + 1 small superficial lesion or 1 red lesion 
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Score 3 - + 1 red lesion 
 
 
 
 
 
 
 
 
Score 4 - 1 deep red lesion 
 
 
Score 5 - +1 deep red lesion or 1 big lesion 
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Appendix 4.3 Body condition scoring system (as per DEFRA guidelines for the 
condition scoring of pigs) 
 
Score Description 
1 The sow is visually thin, with hips and backbone very prominent and no 
fat cover over hips and backbone 
2 The hips and backbone are easily felt without any pressure on the 
palms 
3 It takes firm pressure with the palm to feel the hip bones and backbone 
4 It is impossible to feel the bones at all even with pressure on the palm 
of the hands 
5 The sow is carrying so much fat that it is impossible to feel the hip 
bones and backbone even by pushing down with a single finger 
 
Appendix 4.4 Floor cleanliness scoring system (as adapted from Hacker et al. 
1994) 
Score  Description 
0 Clean, dry, perhaps some meal. No excreta on the floor 
1 Dry excreta on the floor 
2 Excreta wet enough to dirty pigs but with no depth, in 
disconnected islands (<25%) 
3 Excreta wet enough to dirty pigs but with no depth, in 
disconnected islands (26-50%) 
4 Very wet excreta, often to a depth of 5mm, or excreta >50% 
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Appendix 4.5 Joint lesion scoring of the Humeral Condyle (as adapted in Jørgensen 
et al. 1995, Christensen et al. 2010 and Busch and Wachman, 2011) 
 
 
Score 1- No irregularity or invagination of the cartilage 
 
 
 
 
 
 
 
 
 
 
Score 2 – Mild irregularity or invagination of the cartilage 
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Score 3 – Moderate irregularity or invagination of the cartilage 
 
 
 
 
 
 
 
 
 
Score 4 – Severe irregularity or invagination of the cartilage 
 
 
 
 
 
 
 
 
 
Score 5-  Cartilage has become separated from the underlying and bone is exposed 
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Appendix 4.6 Joint lesion scoring of the anconeal process (as adapted (as in 
Jørgensen et al. 1995, Christensen et al. 2010 and Busch and Wachman, 2011) 
 
 
Score 1 - No lesion 
 
 
Score 2 - Lesion present 
 
 214 
 
Appendix 5 - Recording sheets for gilt developer diet studies (Chapter 
5 & 6) 
Appendix 5.1 Weekly recording sheet 
 
 
*Body lesions were not recorded for chapter 5 
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Appendix 5.2 Claw lesion recording sheet  
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Appendix 5.3 Joint lesion scoring sheet  
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Appendix 5.4 Areal bone mineral density recording sheet  
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Appendix 5.5 Scan sampling recording sheet 
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Appendix 6 - 
Number and % of gilts on three dietary treatments with 
locomotory ability and joint surface lesion scores for three dietary 
regimes for replacement gilts from 65kg 
Variables   DEV FIN GES 
n   24 24 24 
  
Score n % n % n % 
Locomotory ability 
      
 
d 0-29 
       
 
 
0 2 8.3 1 4.2 1 4.2 
 
 
1 22 91.7 19 79.2 20 83.3 
 
 
2 0 0.0 2 8.3 3 12.5 
 
 
≥3 0 0.0 2 8.3 0 0.0 
 
d 30-83 
       
 
 
0 0 0.0 0 0.0 0 0.0 
 
 
1 15 62.5 8 33.3 11 45.8 
 
 
2 9 37.5 15 62.5 12 50.0 
 
 
≥3 0 0.0 1 4.2 1 4.2 
 
d 0-83 
       
 
 
0 0 0.0 0 0.0 0 0.0 
 
 
1 15 62.5 8 33.3 10 41.7 
 
 
2 9 37.5 13 54.2 13 54.2 
 
 
≥3 0 0.0 3 12.5 1 4.2 
 
        
Joint surface lesions 
      
 
HC 
       
 
 
1 0 0.0 1 4.2 0 0.0 
 
 
2 12 50.0 12 50.0 12 50.0 
 
 
3 8 33.3 7 29.2 6 25.0 
 
 
4 4 16.7 2 8.3 2 8.3 
 
 
5 0 0.0 2 8.3 4 16.7 
 
AP 
       
  
1 15 62.5 11 45.8 12 50.0 
 
 
2 9 37.5 13 54.2 12 50.0 
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Appendix 7 - 
Number and % of gilts on three dietary treatments with uneven 
toes and the claw lesions; heel overgrowth and heel-sole 
separation for three dietary regimes for replacement gilts from 
65kg 
 
Variables DEV FIN GES 
n   24 24 24 
  
n % n % n % 
Uneven toe 
 
 
 
    
 
d0 21 87.5 23 95.8 23 95.8 
 
d40 14 58.3 13 54.2 16 66.7 
 
d83 10 41.7 13 54.2 18 75.0 
 
d0-
83 
23 95.8 24 100.0 23 95.8 
Heel overgrowth 
 
 
    
 
d0 5 20.8 3 12.5 4 16.7 
 
d40 17 70.8 18 75.0 18 75.0 
 
d83 19 79.2 21 87.5 22 91.7 
 
d0-
83 
23 95.8 21 87.5 22 91.7 
Heel sole 
separation  
    
 
 
 
d0 4 16.7 4 16.7 5 20.8 
 
d40 2 8.3 4 16.7 4 16.7 
 
d83 2 8.3 7 29.2 5 20.8 
  d0-
83 
8 33.3 9 37.5 10 41.7 
 
 
